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viii PREFACE TO THE FIRST EDITION 


radio-active processes, and also allows us to determine with con- 
siderable certainty the order of magnitude of the different 
quantities involved. 


For these reasons, it has been thought advisable to give a brief 
account of the electric properties of gases, to the extent that is 
necessary for the interpretation of the results of measurements 
in radio-activity by the electric method. The chapter on the 
ionization theory of gases was written before the publication 
of J. J. Thomson’s recent book on “Conduction of Electricity 
through Gases,” in which the whole subject is treated in a 
complete and connected manner. 


‘A short chapter has been added, in which an account is given 
of the methods of measurement which, in the experience of the 
writer and dthers, are most suitable for accurate work in radio- 
activity. It is hoped’ that such an account may be of some service 
to those who may wish to obtain a practical acquaintance with the 
methods employed in radio-active measurements. 


My thanks are due to Mr W. C. Dampier Whetham, FRS., 
one of the editors of the Cambridge Physical Series, for many 
valuable suggestions, and for the great care and trouble he has 
taken in revising the proof sheets. I am also much indebted to 
my wife and Miss H. Brooks for their kind assistance in correcting 
the proofs, and to Mr R, K. M°Clung for revising the index. 


ER 


Macponatp Parstcs Butpina, 
‘MonrREaL, 
February, 1904. 








PREFACE TO THE SECOND EDITION xi 


Fic cae convenience of these who have read the first edition. 
ax of che seetinns and chapters which contain the most 
impeeanc «iiitinos and alterations is added below the table of 
earns. 

Th: wemmz of a complete account of a subject like radio. 
warcy. 2a whiea = much new work is constantly appearing, has 
ben a macter of no little difficulty. Among other things it has 
invived 4 contingeus revision of the work while the volume was 
pesinz cirouzh the press. 

I wish t> express my thanks to my colleague Professor Hark- 
tee fr se care and trouble he has taken in revising the prof 
wd fur many useful suggestions: also to Mr R. K. MeClung for 


his aeistance in correcting some of the proofs and in preparing 
the index. 
ER. 
WGut Ustvessr, 


Mosrmeat, 
9 May. 1905. 


ERRATA. 


page 48, line 24 section 218 should read section 284 
» 77, last line » 3, » » 270 
» 193, 5th line from bottom =, 254, yy 281 
» 124, 10th, » 9 HB yyy 888 
» 181, line 3 » 2B yy on 889 
» 186, 13th line from bottom , 261 4 268 
y= 200, line 9 » ME yy 858 
» 26, line 3 » 20» » » 267 


184, at the top of 5th column of table the letter y should be 


inserted. 








2 RADIO-ACTIVE SUBSTANCES [ca. 


complicated phenomena observed when a discharge of electricity 

passes through a vacuum tube. At the same time, a farther 
study of the cathode rays showed that they consisted of a stream 
of material particles, projected with great velocity, and possessing 
an apparent mass small compared with that of the hydrogen atom. 
The connection between the cathode and Réntgen rays and the 
nature of the latter were also elucidated. Much of this admirable 
experimental work on the nature of the clectric discharge has 
been done by Professor J. J, Thomson and his students in the 
Cavendish Laboratory, Cambridge. 

An examination of natural substances, in order to see if they 
gave out dark radiations similar to X rays, led to the discovery of 
the radio-active bodies which possess the property of spontancously 
emitting radiations, invisible to the eye, but readily detected by 
their action on photographic plates and their power of discharging 
electrified bodies. A detailed study of the radio-active bodies has 
revealed inany new and surprising phenomena which have thrown 
much light, not only on the nature of the radiations themselves, 
but also on the processes occurring in those substances. Notwith- 
standing the complex nature of the phenomena, the knowledge of 
the subject has advanced with great rapidity, and a large amount 
‘of experimental data has now been accumulated, 

In onler to explain the phenomena of radio-activity, Rutherford 
and Soddy have advanced a theory which regards the atoms of the 
radiv-active elements as suffering spontincous disintegration, and 
giving rise to a series of radio-active substances which differ ima 
chemical properties from the parent elements. The radiations 
accompany the breaking-up of the atoms, and afford a comparative 
measure of the rate at which the disintegration takes place. This 
theory is found to account in a satisfactory way for all the know 72 
facts of radio-activity, and welds a mass of disconnected facts int<? 
‘one homogeneous whole. On this view, the continuous emission off 
energy from the actiye bodies is derived from the internal energy 
inherent in the atom, and does not in any way contradict the law 
of the conservation of energy. At the same time, however, it 
indicates that an enormous store of latent energy is resident in the 
radio-atoms themselves. This store of energy has not been ob- 
served previously, on account of the impossibility of breaking up 

































































bismuth, that 
made active by admixture with rudio-actis 
cles inthe viinity of thar 








silligrams, 
When plates of copper, ae 
acid solution of this active substance, the plates were 
Sarstedt csraced vcs wary tixaly ivan’ Dale These — 
iS; aan eeepc 
and phosphorescent action. As an illustration of the enormous 
stivty of this deposit, Marckwald stated that a precipitate of 


‘by an audience of several hundred people. 
iden eae mibetied ‘of Marckwald te very Sl RP at cay n 


Curie, Both active substances are separated with bismuth and 
both give out only easily absorbed mys. The penetrating mys, 
such as are given out by urninm, mdium or thorium, are come 
plotaly absent, 

‘There has been a considerable amount of discussion as to 
whether the active substance obtained by Marckwald is identical 


stated that his active substance did not sensibly diminish 
‘activity in the course of six months, but it is doubtful 








‘in w pure state, it should be as useful 

addition, since it is the parent of polonium, it should be possibl 
obtain from it at any time « supply of very active polonium, in 
rela i eames mmczama es i 
at intervals from radium. 

‘Hofmann and Strauss have observed a peculiar action of 
cathode rays on the active lead sulphate separated by them, 
state that the activity diminishes with time, but is recovered 
exposure of the lead for # short time to the action of cathode 
No such action is shown by the active lend sulphide. sa 


should have identical rates of decay, Since there is no 
slightest evidence that the rate of decay of activity of the vai 
products can be altered by chemical or physical agencies, 
conclude with confidence that whatever rudio-nctive sub 
responsible for the netivity of thorium, it certainly is nov 
‘This difference in the rate of decay of the active producta 
































2 ‘For a given intensity of m 
with the distance between the plates 


i all values of p, V varies as. This is found to be 
reir aciadon, Fat is only bolls abgsuciistp'acane 
uniform ionization. 

(2) For a given distance between the plates, the saturation 
an. is greater, the greater the intensity of ionization hetween the 
plates. This is found to be the case for the ionization produced 
by radio-active substances. With a very active substance like 
niudium, the is ‘ion produced is so intense that very large 
voltages are Seep eee On the 
other hand, only a fraction of a volt per cm, is necessary to produce 
satunition in a gas where the ionization ix very slight, for 
in the case of the natural ionization observed in a closed vessel, 
where no radio-active substances are present, 

‘For a given intensity of radiation, the saturation P.p, decreuses: 
mapidly with the lowering of the pressure of the gus. ‘This is due 
to two canses operating in the same direction, viz, a decroase in 
‘the intensity of the ionization and an increase in the velocity of 
‘the ions, The ionization yaries directly nx the pressure, while the 
velocity varies inversely as the pressure. This will obviously have 
the effect of causing more rapid saturation, since the rate of 
recombination is slower and the time taken for the iona to travel 
between the electrodes is leas, 

The saturation curves observed for tho gasos hydrogen 
carbon dioxide* are very similar in shape to those obtained for 
‘For a given intensity of radiation, saturation is more readily: 
ee Lycee: ise in a sos thie elle 
in air while the velocity of the ions is greater, Carbon dioxide 
the other hand requires a greater p.p, to produce saturation 
does air, since the ionization is more intense and the yelo 
iam oes ans tt as 


* Butherlond, Phil. Mag. Jan. 1899, 











































‘Langevin determined the velocity of the ions by a direct method: 
in which the time taken for the ion to travel over a known distance 


was observed, 
‘The following table shows the comparative values obtained for 
air and carbon dioxide, os “8 


y RP 4 mB 
method (Langevin) 140 170 122 086 090 105 
‘of gus (Zeleny),.. 196 187 137 O78 O81 107 

‘These resulta show that for all gases exeept CO,, there is a 
‘marked increase in the velocity of the negative ion with the dry- 
ness of the gus, and that, even in moist gases, the velocity of the 
negative ions is always greater than that of the positive ious, "The 
‘velocity of the positive ion is not much affected by the presence 
of moisture in the gas. 

‘The velocity of the ions varios inversely ax the pressure of the 
gas. This has been shown by Rutherford* for the negative ions 
produced by ultra-violet light falling on a negatively charged sur — 
face, and luter by Laugevint for both the positive and negutive ions. | 
produced by Réintgen rays, Langevin has shawn that the velocity 
‘of the positive ion increases more slowly with the diminution of 
pressure than that of the negative ion. Tt appears as if the nega 
‘tive ion, especially at pressures of about 10 mm. of mercury, — 
begins to diminish in size. 

34. Condensation experiments. Some experiments will 
now be described which have verified in a direct way the theory. 
that the conductivity produced in gases by the various types 
of radiation is due to the production of charged ions throughout 
the volume of the gas. Under certain conditions, the ions form 
nuclei for the condensation of water, and this proporty allows tis 
to show the presence of the individual ions in the gas, and also to 
‘count the number present, 

Tt has long been known that, if air saturated with water-vapour 
be suddenly expanded, a cloud of small globules of water is formed. 
‘These drops are formed round the dust particles present in the gus, 
* Rutherford, Proe. Camb. Pit, Soe.  p. 410, 1808 
+ Longerin, Thesis, p. 190, 1902, 

















































é tind, 
number of drops, formed by the expansion with the rays acting, — 
‘decreases with increase of the electric field. The stronger the 
field the smaller the number of drops formed. This result is to be 
expected if the ions are the centres of condensation; for ina strong 
‘electric field the ions are carried at once to the electrodes, and thus 
disappear from the gua If no electric field is ucting, a cloud can 
‘be produced some time after the mys have been cut off; but if a 
‘strong electric field is applied, under the ssine conditions, no cloud 





addition it can be shown that cach one of the fine drops carries 
an electric charge and can be mado to move in a strong uniform: | 
electric field_ 

‘The small number of drops produced without the action of the 
rays when > 125 js duo to a vory slight natural ionization of 
the gas That this ionization exists has been clearly shown by — 
electrical methods (section 218), 

‘The evidence is thus complete that the ions themselves serve: 
az centres for the condensation of water around them. That oe 
periments show conclusively that the passage of electricity 
‘a gas is due to the presence of changed ions 
‘out the volume of the gas, and verify in a remarkable way the 
hypothesis of the discontinuous structure of the electric changes | 
carried by matter. 

‘This property of the ions of acting as nuclei of condensation 
gives a very dolicate mothod of detecting the presence of ions in 
the gas. If only an ion or two is present per oc., their presence 
after expansion is at once observed by the drops formed. In this” 
‘wuy the ionization due to » small quantity of uranium held a yard 
‘away from the condensation vessel is at once made manifest. 


















and left of the vessel in Fig. 7 ant 
at the sume mte, i4 are equal i 


in equal numbers from a 
gid gate os cs eal vas bat ong i 


(36, Charge carried by an ion. Bers Eno lo ‘ 


Bsr tak aie oF Wl can bo show ites appniinnial z 
drops are all of the sume sine, 


Phil, ag. 7. 028, Doo. 1908, and March, 1003, Comduetion 
iy thew ane, Carib. Univ, Pewee 160, p. 124. 








a= radius of the tube, 
Z=length of the tube, 
V = mean velocity of the gas in the tube, 
‘Only the first two terms of the series need be taken into 


Tater; when the radiations from active substances replaced the: 


X mys 
Goefficients of diffusion of ions into gases, 























Thin W ts yroduned” 
“The negutive and positive ions certainly differ in size, and this 
low 


of tltra-violet light on a negatively charged body, ix of the 
same size as the ion produced by X raya, but at low pressures 
JF. Thomson has shown that it is identical with the corpuscle or 
electron, which has an apparent mass of about 1/1000 of the mass 
‘of the hydrogen atom. A similar result has been shown by 
‘Townsend to hold for the negative ion produced by X rays ut a 
low pressure, It appears that the negative ion at low preamare 
sheds ita attendant cluster. The result of Langevin, that the 
velocity of the negative ion increases more rapidly with the 
diminution of pressure than that of the positive ion, shows that — 
this process of removal of the cluster is quite appreciable at a 
pressure of 10 mma, of mereury. 

We must suppose that the process of ionization in gases 
consists in a removal of a negative corpuscle or olectron from 
the molecule of the gas. At atmospheric pressure this corpuscle 
immediately becomes the centre of an aggregation of molecules 
which moves with it and ix the negative ion, After removal of 
‘the negative ion the moleenle retains a positive charge, and probably 
also becomes the centre of a cluster of new molecules. 

‘The terms electron and ion as used in this work may therefore 
‘be defined as follows:— 

The electron or corpuscle is tho body of susdflet nasa 
Known to science. It curries a negative charge of value 34 x 10- 
olectrostatic units, Ita presence has only been detected when in 
rapid motion, when, for speeds up to about 10" cms, » second, it has 
“an apparent mass m given by ¢/m=186 x 10° electromagnetic: 















































n} IONIZATION THEORY OF GASES 67 


between two parallel plates at a distance d apart. Suppose that 
the ionization‘is confined to a thin layer near the surface of the 
plate A (see Fig. 1) which is charged positively. When the electric 
field is acting, there is a distribution of positive ions between the 
plates and B. 


Let m,=number of positive ions per unit volume at a distance 
« from the plate A, 


K, = mobility of the positive ions, 
¢ = charge on an ion. 


The current 4, per square centimetre through the gas is 
constant for all values of 2, and is given by 


h=Kine Be 
By Poisson's equation 
av Aas 
A ne. 
Then ,-haver 


"= Gr dex dat" 
Ge i 





where 4 ia constant, Now A is equal to the value of SY when 
£=0, By making the ionization very intense, the value of a 
an be made extremely small 
Putting A =0, we see that 
1 aeeny i 
dz */ “EK, 
This gives the potential gradient between the plates for differ- 
ent values of 2. 
Integrating between the limits 0 and d, 














JONEZATION THKORY OF GASES: 
snoring foly with wveucty 16a is salt compared with 


foree and ‘oqual in magnitude to Heu sin 8, where 0 is the angle 
‘between the direction of the magnetic force and the direction of ” 
motion. Since the foree due to the mngnetic field is always 
perpendicular to the direction of motion, it has no effect upon 
the velocity of the particle, but ean only alter the direction of its. 





‘Ifp is the mdius of curvature of the path of the ion, the force 
slong the normal is equal to ™, and this is balanced by the force 

| -Heusin 6. 

Tf @ =3, ic. if the ion is moving at right angles to the direetion 
oF the magnetic fold Hen =" or Hp="w Since uw is constant, 
p is also constant, ie. ba partie: descibey m icocler pee 
radius p. ‘The radius of tho circular orbit is thus directly | 
Proportional to u, and inversely proportional to 7. 

Tf the ion is moving at an angle @ with the direction of the | 
magnetic field, it describes a curve which is compounded of a | 
‘motion of a particle of velocity « sin @ perpendicular to the field and 
woos @ in tho direction of the field. The former describes a cireular 

| orbit of mudius p, given by Hp=" usin 8; ‘the latter is unaffected 
by the magnetic field and moves uniformly in the direction — 
of the magnetic field with a velocity ucos@. The motion of | 

the particle is in consequence a helix, traced on a cylinder of 
radius p= "ain whose axis is in the direction of the magnetic 
field. Thus an ion projected obliquely to the direction of a 
‘uniform magnetic field bescitigrtintintamsy 
parallel to the lines of magnetic forve*, 

* A ull nooount of the path See sn a 

i be givon ty J.J. Thomaon, Conduction af Electricity tm Gasee (Camb. Univ, Proms, 
11908), pp. 79-90. 
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the cathode rays, and this indicates that the canal mys consist 
of positive iona Wien determined their velocity and the ratio 


ei erin s erat te once a 
deflection. The value of = vas found to be variable, depending 


erat pain the ibs, bas tha masta galee Sorta 
‘This shows that the positive ion, in no case, haw a ras Less thm 
that of she hydrogen atom, Tt sooms probable that the eanal rays 
consist of positive ions, derived either from the gus or the elee- 
trodes, which trayel towards the cathode, and have sufficient 
locity to jus through the holes of the cathode ind to appr ia 
the gna beyond. 

ris somnarkible hit, e037 00 ones fine edn Obese EE 
the carricr of a positive charge has an apparent mass less than 
that of the hydrogen atom. Positive electricity always appears to. 
be associated with bodies atomic in size. We have sen that the 
Process of ionization in gases is supposed to consist of the ex- 
pulsion of an electron from the atom. The corresponding positive 
charge remains behind on the atom and travels with ib, a 
differonce between positive and negutive electricity appeans to 
‘be fundamental, and no explanation of it has, ns yet, heen forth- — 
coming. 

$2, Radiation of energy. If an clectron moves uniformly 
in n stmight fine with constant velocity, the magnetic field, which 

* Goldstein, Bertin Siteder, 39, p. O91, 1800; Annal, d. Phyr, 84, p. 45, 1998. 


+ Wier, dinate Phys. 08, pe 440, 2553. 

















Somes oe sudelenly 
Pee keel the thinner and more intense is the pulte, 
‘On this view the X rays are not corpuscular like the cathode rays, 
which produce them, but consist of transverse disturbances in the 
ether, akin in some respocts to light waves of short: 
‘Pho rays aro thus made up of a number of pulses, which are non- 
periodio in character, and which follow one another at. irregular 
intervals. 

On this theory of the nature of the X rays, the absence of 
dirvet deflection, refraction, or polarization is to be expected, if 
tho thicknoss of the pulso is small compared with the diameter of 
an atom. It alyo explains the non-deflection of the path of the 
ays by « magnetic or electric field. ‘The intensity of the electric 
and magnetic force in the pulse is so great that it is able to cause 
«removal of an electron from some of the atoms of the gas, over 
which the pule» passes, and thus causes the ionization observed. 

The cathode rays produce X rays, and these in turn give rise 
to a secondary radiation whenever they impinge on a solid body. 
‘Thin secondary radiation is emitted equally in all directions, 
and consists partly of a radiation of the X my type and also of! 
electrons projected with considerable velocity, ‘This. secondary 
radiation gives rise to a tertiary radiation and #0 on, 

Barklat has shown that the secondary radiation emitted from 
a gas through which the rays pass consiste in part of scattered 
X mays of about the same penctriting power as the primary mys 
as well as some easily absorbed mys. 

Part of the cathode rays is diffusely reflected on striking the 
cathode, These scattered mays consist in part of electrons of the 
sume speed ax in the primary beum, but alko include some othens of 
much lems velocity. ‘Tho amount of diffuse reflection depends upon 
the nature of the cathode and the angle of incidence of the rays, 

+3, J, Thomwon, Paik, Mag, Bob, 1803, 
+ Barkla, Phit Mag. Junc, 1908, 























the activity of the preparations to be examined, For 
which have an activity not more than 500 times that of uranium, 
under ordinary conditions, a field of 100 volts per cm. is sufficient to 
produce « practical saturation current, For very active sxmples 
of radium, it ix often impossible to obtain conveniently a high 
enough electromotive foreo to give even approximate saturation. 
Under such conditions comparative mensnrement ean be made 
by measuring the current under diminished pressure of the gas, 
when saturation is more readily obtained. 

‘The method to be employed in the measurement of this ionizs- 
tion current depends largely on the intensity of the current to be 


measured. If somo very active mdium ia spread on the lower of 


two insulated plates as in Fig. 1, and a saturating clectrio field 
applied, the current may readily be measured by a sensitive gal- 
vanometer of high resistance, Tor example, a weight of 45 gr. 
‘of mdium chloride of activity 1000 times that of uranium oxide, 


spread over a plate of area 33 sq. eins, gave a maximum current of | 


Thx 10™ amperes when the plates were 45 ems, apart. Tn this 
‘ease the difference of potential to be applied to produce practical 
‘saturation was about 600 volta. Since most of the ionization ix 
due to rays which are absorber! in passing through a few eemtie 
motres of air, the current is not much incroased by wit 

distance between the two plates. In cases where the eurrent is. 
not quite large enough for direct deflection, the current may be | 
determined by connecting the upper insulated plate with a well 


fowilated condenser, After charging for n definite tine, shy Gna orl 
more minutes, the condenser is discharged through the galvano- 


moter, and the current can readily be deduced, 


65. In most cases, however, when doling with less aetive 
substances like uranium or thorium, or with «mall amounts of active 
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86 ‘METHODS OF 0 T 


and P can easily be made safScient to produce saturation. 

‘When nocesmry, a correction can be made for the rte of leak 
when no active material is present. In order to avoid external 
disturbances, the plates PP’ and the rod C are sarroanded by 
imetal cylinders, E and P, connected with earth. 


56. A modified form of the gold-leaf electroseope can be used 
to determine extraordinarily minute cure 
rents with accuracy, and can be employed 
in cases where a sensitive electrometer is 
unable to detoct the current, A speci 





experiments: 

the natural ionization of the atmosphere, 
A very convenient type of electroscope to 
measure the current due to minute ioniza- 
tion of the gas ix shown in Fig. 12. 

‘This type of instrament was first used 
by ©. 'T. R. Wilson® in his experiments 
of the natural ionization of air in closed 
‘vessels, A brass cylindrical vessel is taken 
of about 1 litre expucity. ‘The gold-leaf Fig 13, 
yatom, consisting of a narrow strip of gold-leaf L attached to a fiat 
rod &, is insulated inside the vessel by the small sulphur bead or 
Piece of amber 8, supported from the md P, In a dry atmosphere 
dean sulphur bead or piece of amber is almost a perfect insulator, 
‘The system is charged by a light bont rd CC" passing th 
an ebonite eorkt. The rod C ix connected to one al of 
a battery of small accumulators of 200 to 300 volts. If these are 
absent, the system can be charged by means of a rod of 
ey ‘The charging rod CC is then removed from contact 

fpold-leaf system, ‘The rods P and C and the cylinder 
then connected with earth. Cia 

‘The rate of movement of the gold-leat is observed by a reading 

aso Ben Ss YL Mp1 

to be air 

BBued sr sient a tous 0 maguaiad ec he eat ete coeani in 
red St by the approach of @ magnet. 












88 METHODS OF MEASUREMENT 
Now for an electroscope with a volume of 1000 e.c., i wns 
to about 19x 10- amperes, Substituting the values given abc 

q= 17 ions per cubic centimetre per second. 
‘With suitable precautions an electroscope can thus 
‘measure an ionization current corresponding to the 
1 ion per cubic centimetre per second, 

‘Tho great advantage of an apparatus of this kind Ties in 
fact that the current measured is due to the ionization inside 
‘yessel and is not influenced by the ionization of the external 
or by electrostatic disturbances*, Such an apparatus is 
‘convenient for investigating the very penctruting radiations from 
ih epee since these rays pass Deity through the wally 

When the clectroseope ix placed on a lead 
Rbeeice ces wer wiigicea i bcdcnee ae 
ss radio-active body placed under the lead, is due entirely to the — 
very penetmting mys, since the other two types of mys are — 
completely absorbed in the lead plate, If a circular opening is — 
‘cut in the base of the electroscope and covered with thin aluminium: 
of sufficiont thickness to absorb the a mys, mensuremonts of the 
intensity of the 2 rays from an active substance placed under it, 












‘can be made with case and certainty, 


58. A modified form of electroscope, which promises to be of 
great utility for measuring currents even more minute than those 
to be observed with the type of instrament already deseribed, has 
recently been devised by C. T. R. Wilson+ ‘The construction of 
the apparatus is shown in Fig. 13. 

‘The case consists of a rectangular brass box 4 cms, x 4 cms, 
*Sems, A narrow gold-leaf Z is attached to a rod # passing 
throngh a clean sulphur cork. Opposite the gold-leaf is fixed an 
insulated brass plate P, placed ubout 1mm, from the wall of the 
box, The movement of the gold-leaf i# observed through two 
sanall windows by means of a microscope provided with a micrometer 
seale. The plate P is maintained at a constant potential (generally 

* It ic sometimer observed that the motion of the gotd-leat, immedintaly wher 
charging, i# irregular, Tn many cases, this can be traced Wo nie currents sok up in 
the éleetroscope in conrequence of unzymmetrical heating by the souroe af light raed 
for illumination. 

+ Wilkow, Proc. Comh. Pit, Soe. Vol, 12, Part 1. 1908. 
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Although 
res scans in spotal Gee’ ie ie lated Acti 7 mn 
The most generally convenient apparatus for measurement | 
ionization currents through gnses is one of the numerous: 


electrometer can be used to measure currents with accuracy over | 


a wide range, and can be employed for practically every kind of 
Hesisurement required in mdio-activity. 
‘The elementary thoory of the symmetrical quadmnt electromotor 
hi ‘in the text-books is vory imperfect. Te is deduced that 
the sensibility of the electrometer—mensured by the detlection of 
the needle for 1 volt rn, between the quadrants—varies directly | 
‘ax the potential of the charged needle, provided that this potential 
is high compared with the p.p. between the quadrants, Ip most 
vlectrometers however, the sensibility rises toa maximum, and then — 
decreases with increase of potential of the needle, For electrometers 
fn which the needle lies close to the quadrants, this maximum 
sensibility is obtained for a comparatively low potential of the — 
needle. A theory of the quadrant electrometer, accounting for this 
otion, hws been recently given by G. W. Walker®, ‘The effect 
appears to be due to the presence of the air space that necessarily: 
exists between adjoining quadrants, 
Suppose that it is required to measure with an electrometer 
‘the ionization current between two 
horizontal metal plates A and B 
(Fig. 14) on the lower of which some 
active material has been spread. If 
the stumtion current ix required, 
the insulated plate A is connected ix 
with one pole ofa buttery of sufficient 
ZM¥. to produce saturation, the 


other pole buing connected to earth. 
‘The insulated plate B is connected 
with ome pair of quadmnts of the 


electrometer, the other pair being Fig. 4, 

earthed. By means of a suitable 

K, the plate B and the pair of quadrants connected with it may be 
+ Walker, PAIL Mag. Avg. 1900. 
















—— 








“needle can be made of thin aluminium, of silrored paper 


a thin plate of mica, covered with gold-leaf to make it conductin 
‘The aluminium wire and mirror attached should be made as | 
‘as possible. The needle should be supported either by » 
fibre or a long bifilar susponsion of silk, A very fine” 
Teer i of ee gh ey satisfactory, 
‘Aros ot wk yt a dnd 
neighbourhood. a 











of the needle is increased, Tt ix always advis 


the needle to about the value of this critical potential, Tl 


for the purpose by dipping it into a dilute 
chloride or phosphoric acid. T have not found this 
ildcy’clizzabes an in apeny, canoe tg. cel 
Baie etl ae.» fe days expenses CD wh 
to its great sensibility, the advantage of 
ix in the steadiness of the zero aud in the 
A sensibility of 10,000 millimetre divisions per yolt cam be 
adily obtained with this electrometer, if a very fine fibro be nsed, 
‘use of such high sensibilities cannot, however, be recommended | 
for very special experiments, The period of swing of the 
‘under these conditions is seyeral minutes and the 
t Dolewalek, Instrumentenkunde, p. 345, Deo. 1901. 





deteriorates, it can easily be made good 
the ebonite in a lathe. 





to paraffin as an insulator for sensitive elec 
ene wins re of any ele 
When paraffin his been once charged, the residual 
ing it with a flame, continues to leak out 
interval, All insulators should be diselectrified by 
ieee ‘or still better by leaving some uranium 
should be taken not to touch the insulation 


Fi ori is aavia to avoid the aps oy 
Bunsen frames in the neighbourhood of the elec 
lame gases are strongly ionized and take some time . 
conductivity. If radio-active substances are present in th 
it is necessary to enclose the wires leading to the eh 
fairly narrow tubes, connected with earth, If this is 
will be found that the needle docs not move at a eo 
but: mpidly approaches a stondy deflection where the rate 
of charge of the electrometer and connections, due to the io 
‘of the air around them, is balanced by the current to be m 
This precaution must always be taken when observations are 
on the very penetrating mys from active substances, Th 
roudily pass through ordinary screens, and jonize the air 
the electrometer and connecting wires For this reason 
impossible to muke accurate measurements of sinall currents ia 
@ room which is used for the preparation of radioactive mat 
Tn course of time the walls of the room become radio-active owi 
to the dissemination of dust and the action of the radio 
emanations®, 
reese cea ars els le 

‘an active deposit of wery slow mte of change (roe chapter xr). 


‘March 16, 1005) hae drawn attention to she diffoulty of making 
measurements onder such éonditions. 












98 METHODS OF EASUREMENT 
‘resting on the ebonite support, Tn this armngement there is no 
powsibility of a conduction leak from the plate A to B,since the 
earth-connected veasel V intervenes, 





An apparatus of this kind is very convenient for testing the 
absorption of the radiations by solid sereens, as well as for making 
comparative studies of the activity of different bodies, Unless 
very active preparations of radium are employed, « battery of 
300 volts is sufficient to ensure saturation when the plates are not 
more than 4 contimetres apart, If substances which give off a radio= 
active emanation are being tested, the effect of the emanation can 
be eliminated by passing a steady current. of air from a gus bag 
Detween the plates. ‘This removes the emanation ax fist ax it ix 
produced. 

Tf a clean plate is put in the place of A, a small movement of 
the electrometer needle is always observed. If there is no radio 
active substance in the neighbourhood, this effect is due to the 
stall natural ionization of the nir, We can correct for this natural | 


Teak when necessary. 


65. We have often to measure the activity due to the 
emanations of thorium or radium, or the exeited activity produced 
‘hy those emanations on rods or wires, A convenient apparatus for 
this purpose is shown in Fig.18. The cylinder B is connected with 
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the lowest capacity of the condenser. Peseare F value about: 
200 electrostatic units can readily be made dy using paraliol plates 
‘or still better concentric cylinders. With this series of 

currents may be measured between 3 x L0-" and 3 x 10 amperes 
—a ninge of over one million, Still larger currents can be 
mousured if the sensibility of the electrometer is reduced, or if, 
larger capacities are availablo, 

Tn a room devoted to electrometer measurements of radiow 
activity, it is desirable to have no mdio-active matter present 
except thut to be tested, The room should also be as free from: 
dust’ as possible, ‘The presence of a large quantity of dust: in the 
‘air (soe section 31) is a very disturbing fuctor in all radio-aotive 
measurements. A larger EMF. is required to produce saturation: 
‘on account of the diffusion of the ions to the dust particles, The 
presence of dust in the air also leads to uncertainty in the dis 
tribution of excited activity in an electric field (see section 181), 

67. Measurement of Current. In order to determine 
the current in the electrometer circuit by measuring the rate of 
movement of the needle, it is necessary to know both the capacity 
of the circuit und the sensibility of the electrometer. 

Lot C= capacity of electrometer and its connections in £8, units, 

d=number of divisions of the scale passed over per second, 
D = sensibility of the electrometer mensured in scale divi- 
sions for 1 volt ¥., between the quadrants 

‘The current i is given by the product of the capacity of the 
‘system and the rate of rise of potential. 


Thus i= get es. unite, 


= sear pmmens 

Suppose, for example, 
C=50, d=5, D=1000; | 
then i=28 x 10-" amperes 


“Since the electrometer can readily measure a current eorre- 
i movement of half a scale division per second, 
can measure a current of 3x 10 
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‘the capacity of the electrometer system is 50 electrostatic unite 
‘This currvnt is equal to 28 x 10“ ampervs, If w steady deflection 
priate apap aiher cara ergy Pa 
of the aystem of by of a volt, the rusistance should be 36,000 
megohm, For a deflection of 100 divisions, the resistance should 
be 10 times aa large. Dr Bronson®, working in the laboratory of 
‘the writer, has recently made some experiments in order to devise a 
ical method for measurements of this charweter, It is dificult 
to obtain sufficiently high and constant resistances to answer the 
purpose, Tubos of xylol had too great a rosistance, while special 
carbon resistances were not sufficiently constant. ‘The difficulty 
was finally got over by the use of what may be called an air 
ro ‘The arrangement of the experiment ix shown in 


i °. 


Marth 


= Baris 
Fig. 20. 

‘The electrometer system was connected with the upper of two 
insulated parallel plates AB, on the lower of which war spread a 
layor of a very active snbstance, An active bismuth plate, coated 
with radio-tellurium, which had been obtained from Sthamer of 
Hamburg, proved vory convenient for this purpose, 

‘The lower plate B was connected to earth. The charge 
communicated to the upper plate of the testing yeewel CD and 
the eloctromoter system leaked away in consequence of the strong, 

* Hromion, Amer. Journ, Seience, Feb, 1905, 


1880, Bee also Friedel nd 
Lond Kelvin, PAif. Mag. 3, 























photographic action of uranium, thorium, ‘and radium, fs due to the 
8 or cathodic rays, The @ mys from uranium and thorium, on 
account of their weak action, have nov yot been detected photor 


graphically. With active substances like radium and polonium, 
the @ rays readily produce a photographic improssion, So far the 
7 rays have been detected photographically from radium only, 
‘That no photographic action of these rays has yet been established: 
for uranium and thorium is probably due merely to the fiet that 
the effect sought for is very small, and during exposures for long 
Rearals #0 iu very difteclt Yo avoll ogusng of Ue phates Omege 
ether causes, Considering the similarity of the mdiations in other 
respects, there can be little doubt that the 7 rays do produce some: 
photographic action, though it is too small to observe with certainty, 
‘These differences in the photographie and ionizing properties 
ircsa ceili cinet always be lkea Vos conn | 
‘results obtained by the two methods, ‘The apparent: ict 
of results obtained by different observers uaing these two mi 
is found to be due to their differences in relative 
and ionizing action, For example, with the unscreened active 
‘material, the ionization observed by the electrical method ix due 
almost entirely to @ rays, while the photographie action under the 
‘same condition is due almost entiroly w the 8 rays. | 
It is often convenient to know whnt thickness of matter is 
sufficient to absorb ~ specific type of radiation. cei! | 
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Beequervl, by the photographic method, showed that uranium gave 
‘out some deflectable mys. It had heen shown previously} that the 
rays from uranium consisted of a and 8 rays, The deflected mys: 
in Beequerel’s experiment consisted entirely of 8 rays, as the 
‘a rays from uranium produce no appreciable 
Rutherford and Grier, using the electric method, showed that 
of thorium, like those of uranium, gave out, besides 
a rays, some penetrating 8 rays, deviable in a magnetic field. Aw 
in the ease of mdium, the ionization due to the a mys of uraninm 
and thorium is large compared with that duo to the 8 rays. 


76. Examination of the magnetic deviation by the 
photographic method, Becquerel has made a very complete 
study, by the photographic method, of the @ rays from 
and has shown that they behave in all respects like eathode 
which are known to be negutively charged particles moving wi 
& high velocity. 'The motion of n charged ion acted on | 
magnetic field has been discussed in section 49, It hus 
shown that if a particle of mass m and is 
‘with a velocity x, at an angle @ with the direction of a 
field of strength H, it will describe a helix round the 
Tines of foree. . This helix is wound on a cylinder of radius Ry 
the axis qarallel to the fold, where R is given by 


Rape sin a. 
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h at 
sore 
fiold, describ spinls mate Oe are 
Mit nat sang tase) ica In consequence of this, 
Any opaque screen placed in the path of the mys hns its shadow 
thrown near the edge of the photographie plate. 


77. Complexity of the rays. Tho deviable rays. 
Pati tncmesla <a tay 9 compte Higa ate 
‘projected with a wide range of velocity. In a magnetic field every 
pee e # veil of which the aadias choca 
‘proportional to the velocity of projection. The complexity of 
the mudiation has been shown very clearly by Becquerml® in the 


way. 

An uncovered photographic plate, with the film upwards, was 
placed horizontally in the horizontal uniform magnetic field of 
an electromagnet. A small, open, lead box, containing the 
mdio-active matter, was placed in the centre of the field, on 
the photographic plate. ‘The light, due to the phosphorescence 
of the radio-active matter, therefore, could not reach the plate, 
‘The whole apparatus was placed in a dark room. ‘The impression. 
on the plate took the form of a large, diffuse, but continuous 
hand, elliptic in shape, produced on one side of the plate, 

Such an impression is to be expected if the mys are sent out 
in all directions, even if their velocities of projection are the same, 
for it can readily be shown theoretically, that the path of the rays 
is confined within an ellipse whose minor axis, which is at right 
angles to tho field, is equal to 24%, and whose major axis is equal 
to wh. If, however, the active matter is placed in the bottom of 
# deep lead cylinder of small diameter, the rays have practically 
all the same direction of projection, and in that case each part of 
the plate is acted on by rays of a definite curvature, 

In this cate also, a diffuse impression is observed on the plate, 
‘giving, s to speuk, a continuous spectrum of the rays and showing: 
that the radiation is composed of rays of widely different curvatures, 
Fig. 24 shows photograph of this kind obtained by Beequersl, 
with strips of paper, alumininm, and platinum placed on the plate. 

* Becyuersl, C. A. 180, pp. 206, 872. 810, 979. 1900. 
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the mys, the value of JER is propor. 
and it follows from the table that 























just produce an impression through 01 mm, of aluminium. Ip 
will be shown, however, in section 82, that “ix not a constant for 


all speeds, but decreases with increase of velocity of the rays, The 
difference in velocity between the rays is in consequence not as 
us this calculation would indicate, On examination of the 
from urmnium, Becquere! found that the ridiation is mot as 
complex ns that from mdium, but consists wholly af mays for 
which the value of HR is about 2000, 


78, Examination of the 9 rays by the electric method, 
The presence of easily deviable rays given off from an active 
substance can most readily be shown by the photographic method, 
but it is necessary, in addition, to show thnt the penetrating myx 
which produce the ionization in the gas are the samo as those 
which cause the photographic action. This can be conveniently 
tested in an arrangement similar to that shown in Fig. 25, 

"The radio-active matter A is placed ona lead block B” between 
the two pamillel lead plates BB’. 'The 
‘rays pass between the parallel plates and 
fonize the gas between the plates P2” of bs 
the testing vessel, ‘The magnetic field ix 
applied at right angles to the plane of 
the paper, The dotted rectangle EEEE 

the position of the pole piece. 
If a compound of radium or thorium is 
under investigation, a stream of air is 
required to prevent the diffusion of the 
rudio-active emanations into the testing 
vessel, When i laycr of umnium, thorium 
‘or mdium compound is placed at A, the 
ionization in the testing vessel is duc 
mainly to the action of the a and 8 raya. ‘The a rays are cub 
off by adding a layer of aluminium -01 em, thick over the active 
material. When the layer of active matter ix not more than a few 
millimetres thick, the ionization due to the y mys is small oom- 
pared with that produced by the 8 mys, and may be neglested, 
On the application of s magnetic field at right angles to the mean 
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sy rays which readily pass 


field is put on, the ‘Sh ed pen ne Se 
screen 
‘an area elliptical in shape (section 77). The direction of devintion 

‘is reversed by reversal of the field. The broad extent of the 
illumination shows tho complex nature of the 8 mays On plucing 





shadow cast upon the screen, By observing the density of the 
shadow, it ean be seen that the mys most easily devinted are the 


Joust penetrating, 


Comparison of the 8 rays with cathode rays, 

80, Means of comparison, reprints ay 
‘of the 8 rays from active bodies with the cathode 
ip a vacuum tube, it is necessary to show 

(1) ‘That the rays carry with thom a negative charge; 

(2) That they are deviated by an electric as well as by « 
magnetic field ; 

(3) That the ratio ¢/m is the same as for the cathode rays. 

Electric charge carried by the 8 rays. Tho experimonts 
of Perrin and J.J. Thomson haye shown that the cathode rays 
earry with thom a negative charge. Tn addition, Lenard has 
shown that the rays still carry a charge after traversing thin 
layers of matter, Whon the rays are absorbed, they give up their 
charge to the body which absorbs them, ‘The total amount of 
charge carried by the $ rays from even m very netive preparation 
of radium is, in general, sinall compared with that carried by the 
whole of the cathode rays in « vacuum tube, and can be detected 
only by delicate mothods. 

‘Suppose than a layer of very active mdium is spread on a moetal 
plate connected to earth, and that the & rays are absorbed by 
‘® parallel plate connected with an electrometer. If the mays are 
negatively charged, the top plate should roeive a negative charge 
increasing with the time, On account, however, of the great 
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that the radium itself acquired a positive change. This necessarily 
follows if the rays curry with them a negative charge If the 
(8 roys alone curried with them a charge, a pellet of radium, if 
perfectly insulated, and surrounded by a non-conducting: 

swonld in the course of time be raised to a high positive potential. 
‘Since, however, the @ rays carry with them a charge opposite in — 
‘sign to the B rays, the nutio of the charge carried off by the two 
types of rays maust be determined, before it can be settled whether 
the mdium would acquire a positive or a negative charge, Tf 
however, the mdium is placed in an insulated metal vowel of a | 
thickness sufficient to absorb all the « raya, bat not too thick to 
allow most of the @ mys to escape, the vessel will acquire a 


co charge in a vacuum, 
experimental result bearing upon this point: 
Peiseateacies we none A small quantity of radium was: 
placed in « sealed glass tube and lef for several months, On 
the tube with n file, a bright clectric spark was observed 
at the moment of fracture, ‘that there was a large differ. 
ence of potential between the inside of the tube and the earth, 
In this case tho @ rays were absorbod in the walls of the tube, 
but a large proportion of the & rays escaped, ‘The inside of the 
tube thns became charged, in the course of time, to a high positive 
potential ; a steady state would be reached when the rate of escape 
of negative electricity was balanced by the leakage of positive — 
electricity through the walls of the tube, The external surface of 
the glass would be always practically at zero potential, on aecount 
of the ionization of the air around it. 
Strutt? has recontly described a sirople and striking experiment 
t Illustrate still more clearly that a mdium preparation | i 
‘A positive charge, if it is enclosed in an envelope thick enough to 
* Dorn, Phys. sett te Ko, 18, ps 607, 1908: 
f Strutt, PAL Mag. Nov. 1908. 
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efatectectls snled on fo'this sxtornal gla Gyllsitac oan eect 
when required, by tilting the tube. Wien found that in a good 
vacuum the platinum vessel became charged to about 100 volts. 


291 %10-" amperes. If the charge on cach particle ix taken ax 
‘11 x 10 electro-magnetic units, this corresponds to an escape of 
2-66 x 10! particles per second. From 1 gram of radium bromide 
the corresponding number would be 66 x 10° per second, Since | 
some of the @ rays are absorbed in their passage through the walls 
of the containing vessel and through the radium itself, the actual 
number projected per soeand fram 1 gram of mdinm bromide must 
be greater than the above value This has been found by the 
writer to be the case, The method employed reduced the 
absorption of the 8 rays lo a minimum, and the total number 
emitted per second by 1 gram of mdium bromide in radio-nctive 
equilibrium was found to be 41% 10, or about six times the 
number found by Wien. A detailed secount of the method 
‘employed cannot be given with advantage at this stage, but will 
‘be fonnd later in Section 246, 

81. Determination of «/m. We have seen (Section 50) that, 
in their paseage between the plates of a condenser, the eathode 
mays are deflected towards the positive plate. Shortly after the 
discovery of the magnetic deviation of the @ rays from radinm, 
‘Dorm and Becquere!t showed that they also were deflected by an 
electric field, 

By observing sepamitely the amount of the eleotric and magnetio 
devintion, Becquerel was able to determine the mitio of e/m amd 
‘the velocity of the projected particles. ‘Two rectangular copper 

* Wien, Pigs Zeit 4, Nox BR, p. 624 1000, 
} Deen, ©. 4 130, p, 1129, 1900, Beoquerel, C. R. 180, p, 600, 1900, 
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126 NATURE OF THE RADIATIONS [ 


The photographic plate was at a distance h above the extremity 
the field, Thus the particles struck the plate at a distance d, 
the original path given by 

d,=htan6+d, 


= Xe ya.+m 


In the experimental arrangement the values were 
d,="4 cms,; 
X= 102 x 10%; 
1= 8-45 cms.; 
h=12 ems. 
If the radius R of curvature of the path of the same rays is ob- 
served in a magnetic field of strength H perpendicular to the rays, 


ov 
HR’ 





m 


Combining these two equations we get 
1 
2 xt (5 +h) 
=a: 


A difficulty arose in identifying the part of the complex pencil of 
rays for which the electric and magnetic deviations were determined. 
Becquerel estimated that the value of HR for the rays deflected 
by the electric field was about 1600 c.c.s. units. Thus 

= 16 x 10" ems, per second, 


and £210. 
m 


‘Thus these rays had a velocity more than half the velocity of light, 
and an apparent mass about the same as the cathode ray particles, 
ie. about 1/1000 of the mass of the hydrogen atom. The f ray is 
therefore analogous in all respects to the cathode ray, except that 
it differs in velocity. In a vacuum tube the cathode rays generally 
have a velocity of about 2x10" ems. per sec. In special tubes 
with strong fields the velocity may be increased to about 10” cma 
per sec. These @ particles then, behave like isolated units of 
negative electricity, identical with the electrons set free by an 
electric discharge in a vacuum tube. The electrons projected: 






































nccording to the above equation, Results of this kind for mdium | 


rays have boon givon by Meyer and Schweidier*, ‘The amount of - 


ubsorption of the rays by a certain thickness of matter decreases 
with the thickness traversed, This in exnetly opposite to what in 
observed for the a rays. ‘This variation in the absorption is due to 
the fact that the rays are made up of rays which vary greatly in 
penetrating power, The rays from uranium are fairly homogeneous: 
in character, ic. they consist of rays projected with nbout the same 
velocity. ‘The rays from radinm and thorium are complox, ie. they 
consist of rays projected with a wide range of velocity and con- 

with a wide range of penetrating power. The electrical 
‘examination of the deviable rays thus leads to the sume results as 
their examination by the photographic method. 

Results on the absorption of cathode rays have been given by 
Lenant#, who has shown that the absorption of cathode mys is 
nearly proportional to the density of the absorbing matter, and is 
independent of its chemical state. If the deviable rays from active 
Bodies are similar to cathode rays, a similar law of absorption is to 
be expected. Strutt], working with radium rays, has determined 
‘the law of absorption, and has found it roughly proportional ta the 
density of matter over a ringe of densities varying from 0-041 for 
sulphur dioxide to 215 for platinum, In the case of mica and 
cardboard, the yalues of d divided by the density were 394 and 
884 respectively, while the value for platinum was 734, Tn order 
to deduee the absorption coefficient, he assumed that the radiation 
foll off according to an exponential law with the distance traversed. 
As the rays from radium are complex, we have seen that this is 
only approximately the case. 

‘Since the 8 rays from uranium are fairly homogeneous, and are 
at the same time penetrating in character, they are more suitable 
for such @ determination than the complex rays of radium. I 
hve in consequence made some experiments with uranium mys 
to detormine the dapendence of absorption on the density, The 
results obtained are given in the following table, where \ is the 
coetiicient of absorption, 

* Moyer ancl Schwoliler, Phys. Zeit. pp. 00, 188, 20% 1900, 
+ Geena, Annat. d, Phys. 66, p. 275, 1305. 
‘= Sumutt, Nature, p. 589, 1900. 
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cn ee oe 
the electrometer could be made or 
broken by a simple electromagnetic 
device. The 8 mys from the radium 
R, after passing through openings in 
a brass plate A, covered with thin 
aluminium foil, were absorbed in the 
plate P. The glass vessel was ex- 
hausted, and the change communicated: 
to P by the 8 rays was measured by 
an electrometer, 

Ina good vacuum, the magnitude 
of the current observed is m measure 
of the number of 8 pesticee sa 
by the upper plate*, The following 
table shows the results obtained when: 
different thicknesses of tin foil were 
placed over the radium. ‘The second 
table gives the ratio. where J, is the 


rate of discharge obwerved before the 












Fig. 81. absorbing screen is introduced. The 
mean yalue of the absorption constant 
A was deduced from the equation 7 =«-™ where dis the thickness 
A 
‘of matter traversed, 


‘The values included in the brackets have not the same nccurney: 
asx the others There is thus a wide difference in penetrating 
power of the 8 particles emitted from radium, and some of them 
are very readily absorbod. 

* Iie presumed that the revults were correetad, if nosessary, for the discharging: 
es Teil ee sigh tes milena Rs 
a) 


_id 





















































outer edge of the trace of the pencil of mys on the photographie 
plato, aa obtained by Becquerel, will be the locus of the pomnts 
where the photogmphic action of the a particles end. Tt was — 
found that the « particles are most efficient as ionizers of the gas 
just before their power of ionizing ends, ae on | 
‘power of the « particles scems to be fairly abrupt, and, for particles 
‘of the sume velocity, to oceur always aller traversing « definite 
distance in air. Oe be actapln has Oe Suggs 
ns the ionizing action in most, intense jnat before the particles are 
stopped, and ceases fhirly abruptly, Bragg has ee to 
account numerically for the measurements (see above table) 
recorded by Becquerel, Quite apart from the special assumptions 
required for such a quantitative comparison of theory with 
experiment, there can be little doubt that the increase of value 
of Hp with distance can be satisfactorily explained as a conse 
quence of the complex chameter of the pencil of mys*. 
Beequerel states that the amount of deviation, in a given 
magnetic field, was the sume for the a rays of polonium and of 
radium. This shows that the value of ™ V is the same for the 


a mys from the two substances, Since the « rays from poloninm | 
are far more readily absorbed than the a rays from radiam, this 


Beth Neal nie ak tho yeh off 8 i Pe 


Sy Pa aa expecta eal inhi in xpi teed | 
‘an Appendix to this book. 
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saa een ‘ho expriseate were snd on the stfe pala wie 
‘its activity was a minimum, in order to ayeid 

‘the presence of 8 rays, The film of rudium was so thin that only 

& very small frction of the # mys was absorbed, 


Electrometer — 





Fig. 88. 


“The active plate A was insulated in a metal vessel D, and was 
connected to one pole of the battery, the other pole heing earthed. 
‘The upper electrode, which was insulated and connected with a 
Dolexalek electrometer, consisted of a rectangular copper vessel 
BC, the lower part of which was covered with a thin sheet of 
aluminium foil. The a mys passed through the foil, but were 
stopped by the copper sides of the vessel, This 
Ps shana vhs enstcitery fondant iprodoed a) soe 
of the upper plate. The outside vessel D conld be connected with 
either A or B or with earth. By means of a mereury pump, the 
‘vessel was exhausted to a very low pressure, If the mys carry a 
positive charge, the current between the two plates measured by 
the electrometer should be greater when A is charged positively, 
No certain difference, however, between the currents in the two 
directions was observed, even when a vory good vactum was 
obtained. In some arrangements, it was found that the current 
was even greater when the lower plate was negative than when 
it was positive, An unexpected heat] result was also 
noticed. The current between the parallel plates at first 
diminished with the pressure, but soon reached limiting 
value which wax not altered however good a vacuum was pro- 
duced. For example, in one experiment, the current between 











‘@ type of secondary radiation, set fc " 

a rays fall. Tis peice: wil be eee oe sorbe 
in the gas, and their presence | be to detect oxeept 
in low vacun, J. J. Thomson at first obtained no evidence 
‘that the @ particles of polonium were charged; but in later 
experiments, where the plates wore closer together, the electro~ 
scope indicated that the a rays did carry a positive charge. 

Tu order to see whether the positive charge due to the mys 
from mdium could be detected when the slow moving ions were 
prevented from escaping by a magnetic field, I placed the: 
apparatus of Fig, 33 between the pole-pivces of a large electro- 
™magnet, so that the magnetic ficld was parallel to the plane of the 
plates*. A very marked alteration was observed both on the 
magnitude of the positive and negative currenta, In a good 
vacuum, the upper plate received a positive charge, independently 
of whether the lower plate was charged positively or negutively or 
was connected with earth. After the magnetic field had reached a 
certain value, a great incroase in ita strongth had no appreciable 
effect on the magnitude of the current, 

‘The following table illustrates the results obtained when the 
two phitos were 3 mins, apart, and were both coated with thin 
aluminium foil. 





Current io arbitrary waits 
Potential of ithout With i 
es es ae 


= +8 
i 8 ie 
dB ge 
<8), 40 +3 
tht 3 pt 


Tet a be the number of « icles, carrying n charge ¢ which 

Beech is heprer pict Let he ee nee 
ionization of the residual gas. 

Tf only a swall potential is applied to the lower plate, this 

current should be equal in magnitude but opposite in sigu when 

* Ratherford, Nature, March 2, 1005. J. J. Thoméon, Nature, March 9, 1905. 
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of radium bromide as RaBr,, the m 
per gram of radium is 25x10", This number will 
‘be in very good agreement with that deduced from indireet | 
(chapter xm1.). The ale Ot See 


charge and aro difficult to deflect by a magnetic field, ‘The es 
ments of Wien have shown that the velocity of 
canal rays varies with the gus in the tube and the intensity of the 
electric field applied, but it is generally about 1/10 of the velocity 
of the @ particle from radium. The value of ¢/m is also variable, 
depending apon the gas in the tube, 

Tt has been shown that for the a rays of radium 

V=25 x 10° and e/m=6 x 10% 

Now the value of em for the hydrogen atom, liberated in the 
electrolysis of water, is 10. Assuming the charge carried by the | 
@ particle to be the same ns that earried by the hydrogen stom, the 
piass of the @ particle is abot twice that of the hydrogen atom. 
‘Taking into consideration the uncertainty attaching to the experi 
mental value of ¢/m for the a particle, if the a particle consists of 
any known kind of matter, this result indicates that it consists 
‘either of projected helium or hydrogen. Further evidence on this 
Important question is given in section 263, 

‘The « rays from all the radio-active substances and their 
preducts, such as the nudio-active emanations and the matter 


do not vary very much in penetrating power, It is thus probable 
that in all cases the a rays from the different rudio-aetive sub 





4 phosphorescent: 

Bee ae Sell ee tee 
and poloninm, If the surfice of the screen is «3 

ie fara vieg puss i gat Ses 


be uniformly distributed but to consist of a number of: 
. No two flashes succeed one another: 


action of the radium and polonium rays on a zine sulphide se 
was discovered by Sir William Crookes*, and 0 
‘Elster and Geitel++, who observed it with the rays given: 
le sans es sarge gn ely clea 
‘or in ® vessel containing the emanation of thorium, ~ 

Tn re show at from he 


from a small zine sulphide screon, ‘This screen is fixed at ome — 
end of a ehort bras tube and is looked at through «lone fixed at 
the other end of the tube. Viewed in this way, the surfuce af the 
screen is seen as a dark background, dotted with brilliant points: 
‘of light which come and go with great rapidity. ene 
points of light per unit area to be seen at one time 
‘at the distance from the radium increujes, and, ab 

* Crookes, Proc. Ruy. Sve. BL, p. 405, 1908. 

+ Elster and Geitel, Phys; Zeit. Now 18, p. 457, 1908.” 











‘some way transformed into light, Zine wolphida fe rey 
shocks, Luminosity is observed if « per 
acrom the screen, or if a current of air is directed on to, 


Fei th to he fed hve 
Becquerel* has made an ex 


Recently 
Scntilaione produced by different substances, and 
(teed gate ~~! 


produced by 
‘Tommasinat found that a zine sulphide screen rem 
action of the radium rays for several days, showed the 
again when an electrified rod was brought near it, 
‘The number of scintillntions produced in zine su 
‘upon the presence of a slight amount of i it 
line state. It can be shown that even with the 
zinc sulphide screens, the number of scintillations: 
asmall fraction of the total number of a particles w) 


‘it. It would appear that the crystals are in some way, 


the bombardment of the @ particles, and that some of | 
occasionally break up with emission of lights. 


© Beoqser, ie 187, Oot. $7, 1908. 
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a distance from the source will increase with the thickness o! 
layer of active matter, but will reach a maximum for a layer 
certain thickness. The greater proportion of the ionization 
to unscreened active matter, is thus entirely confined to a sh 
air surrounding it not more than 10 cms. in depth. 


99. The a rays from different compounds of the same a 
element, although differing in amount, have about the same ave 
penetrating power. Experiments on this point have been ma¢ 
the writer® and by Owens}. Thus in comparing the rel 
power of penetration of the a rays from the different 
elements, it is only necessary to determine the penetrating p 
for one compound of each of the radio-elements. Rutherford 
Miss Brooks} have determined the amount of absorption of 
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1 2 3 + 
Layers of Aluminium Foll (00034 ema, thick) 
Fig. 85. 


a rays from the different active substances in their pat 
through successive layers of aluminium foil 00034 cm. thick. 


* Rotherford, Phil. Mag. Jan. 1899. + Owens, Phil. Mag. Oct. 1899 
+ Rutherford and Miss Brooks, Phil. Mag. July, 1900. 








where ) is the “absorption constant” of the radiation for the ) 
under considerution®. Let 


7 =distance of lower plate from active material, 
L=distance botween the two fixed plates, 

‘The energy of the radiation at the lower plate ix then 
and ab the upper plate Ty", Tho total number of fans 
duced between the parallel plates A and Bis therefore proportio 
to 


Oa he (Le), 
Since the factor 1—e™ is a constant, the saturation eae 


* Since the joniantion at any point aborn the plate is the resaltant effect 
es soe See 9 Coie ieee 


‘Soeflicient of absorption of the rays from a point soutes. Tk 





eon For thie reason 3 is euled the “absorption 











error, This result shows 


Pe ehesinatg wx fon nboc! thn sina erat 
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velocity of the particle, so that the law of absorption of the rays 
cannot be deduced directly. An indirect attack upon the question 
has, however, been made recently by Bragg and Kleeman® who 
have formulated a simple theory to account for the experimental 
results which they have obtained upon the absorption of the 
a rays, The a particles from each simple type of radio-active 
matter are supposed to be projected with the same velocity, and 
to pass through a definite distance a in air at atmospheric pressure 
and temperature before they are all absorbed. As a first approt 
mation the ionization per unit path is supposed to be the same 
over the whole length traversed before absorption, and to cease 
fairly suddenly at a definite distance from the source of radiation. 
This is in agreement with the observed fact that the ionization 
between parallel plates increases very rapidly when it approaches 
nearer than a certain distance to the radiant source. The range 
a depends upon the initial energy of motion of the @ particle and 
will thus be different for different kinds of radio-active matter. If 
a thick layer of radio-active matter is employed, only the # 
particles from the surface have a range a. Those which reach the 
surface from a depth d have their range diminished by an amount pa, 
where p is the density of the radio-active matter compared with 
air. This is merely an expression of the fact that the absorption 
of the a rays is proportional to the thickness and density of mattet 
traversed, The rays from a thick layer of active matter will thus 
be complex, and will consist of particles of different velocity whos? 
ranges haveall values between and a. 

Suppose that a narrow pencil of 
a rays is emitted from a thick layer 
of radio-active material, and confined 
by metal stops as in Fig. 39. 

The pencil of rays passes into 
an ionization vessel AB through a 
fine wire gauze A. The amount of 
ionization is to be determined be- 
tween A and B for different dis- 
tances h from the source of the 
rays R to the plate A. 


* Bragg and Bragg and Kleeman, Phil. Mag. Deo. 1904. 




















Fig. 39. 











hd) ola-t-b), in” (e+ 2h— bp 
, ae while if 


one strean enters, it should bo, ‘When three reach it, the 
Hope should bo 38am for four 3%, ‘These results are roalisadl 
fairly closely in practice, ‘The curve (Fig. 42) consists of 


parts, whose slopes are in the proportion 16, 34, 45, 65, Le very 
nearly in the rutio 1, 2, 3,4, 
Experiments were also made with very thin layers of maine 


Tt will be seen later that the results here obtained: 
‘fa novel way the theory of mdio-active changes which 
advanced from data of quite a different character. 
The inward slope of the curve in Fig. 43 due to 
indicates that thé 2 particles become more 

















it, ‘Sis’ he bworpioa ah Pe sop es et 
ats tis yy ake aT eee 
Feribe fecodilin of ous Sha gua scone Ono Hae 
absorption in metals is due to a similar cause, 





102. Relation between ionization and absorption in 
gases. Tt haa been shown (section 45) that if the & rays are 
completely absorbed in a gas, the total ionization produced is about — | 
the same for all the gases exarnined. Since te ny ate i 
abyorbed in different guses, there should be a direct conneetion 
‘between the relative ionization and the relative absorption, This 
is seen to be the case if the rusults of Strutt (section 46) are com- 
pared with the relative absorption constants (ection 100), 





Cot toca iB 108 

the difficulty of obtaining accurate determinations 
‘of the ubsorption, the relative ionization in a gas ix seen to be 
dirvotly proportional to the relative absorption within the limits of 
experimental error, ‘This result shows that the energy absorbed 
fn producing an ion is about the same in air, hydrogen, and carbon, 


103. Mechanism of the absorption of « rays by 
matter. The experiments, already described, show that the — 
ionization of the gas, due to the a rays from a large plane surface 
of mdio-notive matter, falls off in most casos approximately 
according to nn exponential law, until most of the mys are 
absorbed, whereupon the ionization decreases at a much faster — 
rate. In the case of polonium, the ionization falls off more rapidly _ 
than is to be expected on the simple exponential law. 

‘The ionization produced in the gas is due to the collivion 
of the mpidly moving particles with the molecules of the gas in 
their path. On account of ite large mass, the @ particle is a far | 
eT es es ae 
speed. It can be deduced from the results of experiment that 


ha ail 











the y rays from 


the rays aro more than 200 4 



































‘the surfhco of the lead. The action of these secondary rays om 
‘the plate is so strong that the effect on the plate is, in many cass 
incrwased by adding a metal screen between the active material 
and the phate, 

‘The comparative photographic action of the primary and 
secondary mys cannot be taken as a relative measure of the 
intensity of their mdiations, For example, only a small partion 
of the energy of the @ rays is in general absorbed in the sensitite 
film, Since the secondary mys ure fur more easily absorbed thin 
the primary rays, a far greater proportion of their energy is et 
pended in producing photogmphic action than in the case of the 
primary rays, It is thus not surprising that the secondary mys 
set up by the @ and y rays may in some cases produce a 
grphic impression comparable with, if not greater than, the 
of the incident rays, 

On account of these secondary rays, radiographs produced by 
the A rays of radium in general show a diffuse border round the 
shadow of the object. For this reason radiographs of this Ixind 
lnck the sharpness of outline of X ray photographs. 


110. Secondary radiation produced by & rays. 
Mme Gurie* has shown by the electric mothod that the @ mays 
of polninm produce sceondary rays, ‘The method adopted was to: 
compare the ionization current between two parallel plates, when: 
two screens of different material, placed over the polonium, were 
interch: 

‘These results show that the a rays of polonium are modified in. 
passing through mattor, and that the amount of secondary rays #6 
up varies with screens of different material, Mine Curie, using the 
ame method, was unable to observe any such effect for the 8 rays 
of radium. The production of secondary rays by the @ mays of 

* Mme Curie, Lise présentée d la Faculté dex Sciencer, Paris 1908, p. 5. 





foil of thickness "05 mm. Before the plate M was placed in posi 
the rate of discharge of the electroscope was due to the natural | 
und the y mys from 2, and the secondary radiation from the 
On bringing the radintor M into position, the rate of disch: 
was much increased, and the difference between the rate 
movement of the gold-leaf in the two cases was taken 9 
measure of the amount of secondary rays from Jf. The absorp 
of the secondary rays was tested by placing an aluminium p 
‘85 mm. thick before the face of the electroscope, 

‘The secondary rays wore found to be fhirly homogeneous, 
‘the intensity foll off according to an exponential law with 
distance traversed. The value of the absorption constant A 
detérmined from tho nsnal equation Tacs, wrhorp itil 

f 


thickness of the screen. The table given below shows the res 
obtained when thick plites of difforent substances of the s 
dimensions were placed ina definite position at M. The secomd 
radiation from fluids was obtained by a slight alteration of 
experimental arrangements, 
Thirty milligrammes of radium bromide were used, and 
results am expressed in terms of the number of seale divisi 
posed over por second by the gold-leaf, 

Te will be noticed that the amount of secondary radiant 
follows in most cases the same order as the donsities, ané 


Ipeentant for merciry. ‘The value of a is 


4 constant, but varies considerably, being greatest for 
substances. The absorption constant of the secondary 
from different rmdiators is not very different, with the 


* A. S.Bew Phil Map. Des. 1908. 































Tt will be observed that the relative amounts are about the 
‘sue for the y rays alone as for the B and y rays together, On 
the other hand, the amount of secondary rudintion set up by 
X rays is vory difforont, lead for example giving much less than. 
brass or copper. The secondary rays from the y rays alone are 
slightly less penetrating than for the 8 and yy rays together, but 
are far more penetrating than the. secondary radiation from the 
X mys oxamined by Townyend, 

Sel of secondary radatin sot 2 ae 
is mainly independent of the state of the surface of the radiator, 
About the same amount is obtained from iron as from iron filings ; 
from liquid as from solid paraffin; and from ice as from water®, 

Becquerel has shown that the secondary rays set up by 
the 8 rays une deflected by a magnet and consist of nogatively 


Invtoad of an clectroroope. Ho finds, in addition, that the amount of 

allation dopends om the angle of Incidence of the primary tage, a Yo geabesh tet 
sen anglo of 45%. In « letter to Nature (Web. 23, p. 10 906 te states that more 
econ of secondary mdiation 





‘with the atornic weight, but is not proportional to it. 
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Tn the above table the saturation current due to the a 
8 rays of uranium is, in ewch case, taken 8 unity. — 


column gives the ratio of the currents observed for 
‘of substance, The resulta are only approximate in 


energy of the @ and @ rays, A comparison 
insted he te sf re, oer 
methods, 
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The velocity of the @ rays of radium varies between wide 
limits, Taking for an average value 


4 =15 x10", 
£ =18x10, 
m 


it follows that the energy of the a particle from radium is almost 
88 times the energy of the 8 particle. If equal numbers of a and 
B particles are projected per second, the total energy radiated in 
the form of a rays is about 83 times the amount in the form of 
B rays. 

Evidence will be given later (section 246) to show that 
the number of a particles projected is probably four times the 
number of f particles; so that a still greater proportion of the 
energy is emitted in the form of a rays. ‘These results thus lead 
to the conclusion that. from the point of view of the energy 
emitted, the @ rays are far more important than the @ rays. 
This conclusion is supported by other evidence which is discussed in 
chapters x11 and xim1, where it will be shown that the a rays play by ~ 
far the most important part in the changes occurring in radio-active < 
bodies, and that the 8 rays only appear in the latter stages of thess 
radio-active processes, From data based on the relative absorptions 
and ionization of the @ and y rays in air, it can be shown that thee 
y rays carry off about the same amount of energy as the @ ray== 
These conclusions are confirmed by direct measurement of th_« 
heating effect of radium, which is discussed in detail in chapter XF7. 
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The following table shows the relative phosphorescence excited 
in various bodies. 











soreen 
Substance Witnoaeeareee:| of black 

| ensi paper 

| Hexagonal blende 13:36 4 
Platino-cyanide of barium 1-99 05 
Diamon i 1g ol 
Double sulphate of Uranium and Potassium 1-00 1 
Calcium Fluoride ae 30 a 





In the last column the intensity without the screen is in each 
case taken as unity. The great diminution of intensity after the 
rays have passed through black paper shows that most of the phos- 
phorescence developed without the screen is, in the majority of 
cases, due to the a rays. 

Bary* has made a very complete examination of the class of 
substances which become luminous under radium rays. He found 
that the great majority of substances belong to the alkali metals 
and alkaline earths, All these substances were also phosphorescent 
under the action of X rays. 

Crystalline zinc sulphide (Sidot’s blende) phosphoresces very 
brightly under the influence of the rays from radium and other 
very active substances. This was observed by Curie and Debierne 
in their study of the radium emanation and the excited activity 
produced by it. It has also been largely used by Giesel as at 
optical means of detecting the presence of emanations from very 
active substances. It is an especially sensitive means of detecting 
the presence of a rays, when it exhibits the “scintillating” property 
already discussed in section 96. In order to show the luminosity 
due to the @ rays, the screen should be held close to the active 
substance, as the rays are absorbed in their passage through a few 
centimetres of air. Zinc sulphide is also luminous under the action 
of the 8 rays, but the phosphorescence is far more persistent than 
when produced by the a rays. 

Very beautiful luminous effects are produced by large crystals 
of the platino-cyanides exposed to the radium rays. Those 

* Bary, C. R. 180, p. 776, 1900. 


























pressure 
radium was brought near the tube. feos xpectasell 
charge without the mys begun at 51 mms. but with the md 
_ rays at 68 mms, ‘The colour of the discharge was also altered, — “a 

Himstedt§ found that the resistance of selenium was | 
Be eesti ot rustosnyy in ho som way ooo ae 

F! Honning]| oxamined tho electrical resistance of 
chloride solution containing mdium of activity 1000, but could 
‘observe no appreciable difference between it and a similar pure 
solution of barium chloride. This experiment shows that the 
action of the ruy’s from the radium docs nob produce any appreciable 
change in the conductivity of tho barium solution, 

Kohlmusch nnd Henning have recently made a detailed 
examination of the conductivity of pure radium bromide solutions, 
and have obtained results very similar to those for the corre- 

sponding barium solutions. Kohlrausch** found that the con~ 
ductivity of water exposed to the radiations from mdium in- 
eroased more rapidly than water which had not been exposed. 





* Blster and Geitol, Arma ds Phys. (9, p. 67%, 1809, 
4 Willons an Peck (Phil Mag. March, 10065) found thet under some condita, 
Se eae ve a re dics Diane hy peer a 


























and show that the radiation probably pr 
well as in the gus, It was also found that. raja 
seeceintarity to about: the’ samo! extant; aeith radu 


temperature of liquid air, and found that it did 
than 1 per cent, from the activity at ordinary 


a rus, falls wo about 25 por cont, of ite original 
however not due to a change in the rndio-activity, | 
release of the radio-active emanation, which is sto 
* Booquorel, O. R. 186, p. 1178, 1908. 
+ Becquercl, C. R. 188, p. 109, 1001. 
=F, Corie, Bociéth de Physique, March 2, 1900, 











not 
‘i ghia Tito at teat Pout Defer Cro vade rule ea 
tup. ‘The mechanical force acting on the vane will, im consequence, — 





‘be shown under conditions where similar unequal distribution of 
‘ionization is produced by any other sources: ‘s 

Since radium gives out heat at « fairly rapid rate,a radiometer 
in which the vanes were coated on one side with radium instead of 
Jampblack, should rotate at low pressure of the gas, oven if no 
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Entice clerien inom basen 
‘Af ammonia is added to a thorium solution, the thorium i 
tated, but a large amount of the activity is left 





thorium from which it was obtained, while the 
precipitated thorium was reduced to loss than one 
original value. This active constituent was named 
analogy to Crookes’ UrX. 

The activo residue was found to consist mainly 
from the thorium; the Th X could not be ex 
and probably was presont only in minute quantity. It 
found that an active constituent could be partly 
Riese pcataleing ih) Sree 0 










\ the ThX was no longer active, while the thorium 
* Mutherforil and Boddy, Phil. Mag, Sept. and Nov. 1902 7 


‘St, pp. 821 and 897, 1902, 














‘at the time f, decays according to an 

time 7—t that clapses before its activity is 
consequence is given by 

dl = Kge™?- Met, 
where is the constant of decay of activity of the 
‘The activity Jz due to the whole master produced im thi 


thus given by 
I= [[Kget-nat 


=*b a7 






























decrewsed, do, that the decuy curve will be different un 
conditions. 


No such effet, however, has yet been observed in 
‘tadlio-active change, where none of the active products 
ar allowed to escape from the system, The rate | 
‘unaltered by any chemical or physical agency, and in h 
‘the changes in radio-active matter are sharply disti 
ordinary chemical changes, For example, the rate of 
activity from any product takes place at the same 
substance is exposed to light as when it is kept in the d 
‘at the same rate in a vacuum as in air or any other gas 
spheric pressure, Its nite of decay is unaltered by 
the wetive matter by « thick layer of lead under conditions where 
no ordinary rdiation from outside can nffect it. The activity of 
the matter is unaffected by ignition or chemical treatment. 
material giving rise to the activity ean be dissolved in aci 
re-obtained by evaporation of the solution without 
setivity. ‘The mute of decay is the same whether the | 
matter is retained in the solid state or kept in solution, 
@ product has lost its activity, resolution or heat does not 
genemte it, and as we shall see later, the rate of decay of 
active products, so far examined, is the same at a red heat | 
the temperature of liquid air. In fact, no variation of p 
chemical conditions has led to any observable difference 
decay of activity of any of the numerous types of active: 
which haye been examined, 


136, Effect of conditions on the rate of 
“activity. The recovery of the activity of a midio 

































hydroxide is converted into the oxide or into the sulp 


136. Disintegration hypothesis. In the 
in radio-active bodies, only the active 


‘accompaniment 
‘matter, and that the constant activity of the. rd 
‘doe to un equilibrium process, in which the mte of 
“fresh active matter balances the rate of change of th 
formed. 

The nature of the process taking place in the radio- 





“half of the atoms of ThX browk up in four d 








ee 
earth viata ition bprecclanaition te : 








‘Experimental arrangements. 
thorinm is given off in minute quantity. No ay 
of the vacuum is observed when an emanating 


principle to that shown in Fig. 51 is convenient, 
‘The thorium compound, either bare or enc! 
envelope, was placed in a glass tube CA. 





A. Ti then passed through a bulb containing tightly pacl 
wool to prevent any spray being carried over, TI 






75cm. in length and 6 cm. in diameter. ‘The in 
wae connected with a battery in the usual way, 
electrodes, #, #, H, of equal lengths, were placed alo 
‘the cylinder, supported by bmas rods passing tht 
corks in the side of the cylinder. The current th 
due to the presence of tho emanation, was measured 


nO 
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the gas, which is a measure of the activity of the emanation 
diminishes according to an exponential law with the time like the 
activity of the products Ur X and Th X. The rate of decay is 
however, much more rapid, the activity of the emanation decreas- 
ing to half value in about one minute. According to the view 
developed in section 136, this implies that half of the emanatio: 





Current 











t = 
Te tn Minuter 
Fig. 52. 
particles have undergone change in one minute. After an interval 
of 10 minutes the current due to the emanation is very small, 
showing that practically all the emanation particles present have 
undergone change. 

‘The rate of decay has been more accurately determined by 
Rossignol and Gimingham® who found that the activity fell to half 
value in about 51 seconds. Bronson+, using the steady deflection 
method described in section 69, found the corresponding time 
54 seconds, 

The decrease of the current with the time is an actual measun 
of the decrease of the activity of the emanation, and is not in any 


* Rossignol and Gimingham, Phil. Mag. July, 1904, 
+ Bronson, Amer. Journ. Science, Feb. 1905. 














4 compound kept i 
ee ae fe hela peed ee 
tion particles fram the compound is balanced by the rate of 
‘of those already present, The time for recovery of half the 
activity is about 1 minute, the sume as the time taken | 
‘emanation, when left to itself, to love half ite activity, 

If gy is the number of emanation particles 
gas per second, and JY, the final number when mdio-active ¢ 
Vbrium is reached, thon (section 13a), 

=, 

Since the activity of the emanation falls to half value in 

1 minute 





»=1/87, 
and N,=874,, or the number of emanation particles present when 
4 sly stato ix reached is 87 times the number produced por l 


Radium Emanation, 
144. Discovery of the emanation. Shortly after the 

discovery of the thorium emanation, Dorn* repeated the 

and, in addition, showed that radium compounds also gave 
radio-nctive emanations, and that. the amount given off was much 
nereasod by heating the compound, The radium emanation differs 
from the thorium emanation in the rate at which it loses its 
activity, It decays far more slowly, but in other respects 





emanations of thorium and radium have much the same p 
Both emanations ionize the gus with which they are 
* Dom, Abh, der, Naturforsch, Ges. for HallearS,, 10, 














ay dil Geps g tit voloa a 9 
‘notation 


Few, 


The thoan valle of X uddoed rods ue Facile i gtvell Oy 
A= 2416 x 10 =1/409000. 


P. Curie determined the rate of decay of activity of the t 
tion by another method. ‘The active matter was placed ato 
‘of asealed tube. After sufficient time had elapsed the por 
the tube containing the radium compound was removed. T 
‘of activity of the emanation, stored in the othor part, was te 
regular intervals by observing the ionization current due 
rays which passed through the 
walls of the glass vessel, The 
‘wasting apparatus and the con- 
nections ire shown clearly in 
Fig. 58. ‘The ionization current 
is observed between the vessels 
BB and CC. The glass tube 
A contains the emanation, 

Now it will be shown later 
that the emanation itself gives 
‘off only a rays, and these rays 
‘are completely absorbed by the 
glass onvelopo, unless it is made 
‘extremoly thin, The rays pro- 
ducing ionization in the testing 
‘vessel wore thus not duc to the 
@ rays from the emanation at 
all, but to the B and 7 yy due to the excited activity pr 
‘on the walls of the glass tube by the emanation inside it, 
‘wns actually measured was thus the decay of the excited a 
derived from the emanation, and not the decay of activity 
emanation itself. Since, however, when a steady state is 1 
the amount of excited activity is nearly proportional at an 
to the activity of the emanation, the rate of decay of the 





Fig. 58. 
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have been made by Rutherford and | 


parse similar to thas shown in ig: 1 on page SM 
A known weight of the substance to be tested 
shallow dish, placed in the glass tubo G. sn 


Be aie cried weeded wean 
substituted; the saturation current was observed when a stea 


Berea Shs Beene 
saturation current due to a weight @, of 
” ” ” oy 


i of OM _ eo 
EE fo” 
"* Rutherford and Soddy, Trane. Chem. Soe, p. B21, 1902 PhiL Mag. 
Fadl 

















eattig toa doll red heat. ‘This effect does not in 
epee te ee pocostion by heetine tenn eeny 






Tt regains its power of emanating, howover, after 
‘re-geparation, 
A further examination of the effect of temp 


tempermture i 
ordinary value. Tt rapidly returns to ita original 
cooling agent is removed, 

Tnerease of temperature from 80°C. to a dull red heat 
‘num thus increases the emanating power about 40 times, 
‘effects can be repeated again and again, with mo 





long-continued heating at a white hent never entirely d . 
emanating power, 
161, Regeneration of emanating power. An inter 
‘ion arises whether the de-emanation of thorium an 
‘due to a removal or alteration of the substance which | 


* Rutherford, Phys, Zeit. 2 p, 490, 190, 
+ Rotherford and Soddy, Phi, Mag, Nav. 102, 
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where YY, ix the initial number of particles present. | 
steady stato is reached, the rate of production y of fi 
particles is exuctly balanced by the rate of change of 
N, alrondy present, ie. 

H=rAMo, i 
AV, in this case represents the amount of emanation 


the compound, Substituting the value of X found 
emanation in section 145, 


‘Tho amount of emanation stored in a non-emanating 
compound should therofore be nearly 500,000 tin 
produced per second by the compound, This result 
the following way*. 

A weight of 03 gr. of radium chloride of nctivity 1 
ofturaniurn was placed ina Drechsel bottle and w. 
water drawn in to diaolve it, ‘The relensod 








-cmanating compound is 
with that observed for radium. Tf Nhe reson 
emanation proceeds at the sume rate under all 
‘solution of « solid non-emanating compound should | 


by a rush of emanation greater than that subseq) 
With the same notation as before we have for t] 


foll agnin to a steady valno; showing that the amount 0 
released when the nitrate dissolves, is greater than the. 
amount produced from the solution. 

‘The rapid loss of the activity of the thorium eman 
a Aaah comparison like thet for radiam ve 

By slightly altering the conditions of the experiment 
definite proof was obtained that the rte of production 
tion is the same in the solid compound as in the 
‘dropping in the nitrate, a rapid air stream was blows 





il 


baad Hi 
fi 


fee 


has 
the 








‘The radium emanation, like that of 
mys. This was tested in the following way*: 


mado of sheot copper 005 cm. thick, 
& mays but allowed the 8 and y rays, if 
with but little loss The external rad 


* Rutherford and Soddy, Phi. Mag. 














109, eres ane, ie ees 
to illustrate the gaseous nature 
* Ramsay aird Sodbly, Prue, Sey. Soe. 








jent quantity bad heen introduced, the 
pes side tubes were closed by 








97, and 99 respectively. This method 
weight of the mdium emanation is 
fallitarespertiinta on dizisico, it must be 
|. Whose rate of interdiffasion is being. 
‘minute quantity mixed with the gus, and is 
rate of interdiffusion of gases which are p 
For this 








1 minute, N= 0115, Tho value K= 00 was 
of a number of experiments, ‘This 
value than K=°07, obtained for the mdinm | 


Makower (loc. cit.) phe rs. 
‘thorium and radium emanation through a po 


molecular weight, thus confirming the results 
above method, 
Diffuvion of the Hmanition into 


164. Experiments have been made by 
0 of diffusion of the mdium emunntion i 











uit 


coma pound 
emanation 
compound 


F 
F 
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im the glass, If the ends of the tube are sealed 
tare allowed to rise, the glow diffuses uniformly 
tube, and can be concentrated at any point to so 























Hehe dee concentration of the emsaation; js 
which it was left in the spiml. For a given t 
proportion of the emanation was condensed, the le 
and the longer the time it was left in the 


168. Thus there is no doubt that the thorium 
Be is conan viceoms ee eine r 
pee ecaation condonsos, ‘The e3 


two emanations aro similar in character 

same number of ions in their passage th 
number of ions produced by each a purticle 
in dissipated is probably abont 70,000, (5 

Now, in the experiment, the electrometer 
a current of 10-* electrostatic units, Taking the 
ts 344 x 10>" clectrostutic units, this corresponds tor 
asec iron sof sect #76202 tour par 








‘oceur in the gas itself but ab the surface of the: 
Accurate observations of the te:npentture of 
far only been made in a copper spiral, but co 
ocetirs in tubes of lead or glass at about the: 


below the temperature at which moat of the 
‘This is to be expected, since, under such conditi 











it was early evident that the volume of the o 
smal), for all the earlier attempts made to d 

by its volume were unsuccessfil. It will be soen, ho 
when larger quantities of radium were available 
the emnnation has been collected in volume 

to measure. 

An the case of thoriam, the maximum quantity: 
be obtained from 1 gram of the solid is very minute, bo 
of the «mall activity of thorium and of the rapid b 
emanation after its production. Since the amount : 
stored in a non-emanating thorium compound, 

‘the rate of production, while in radium it is 403,000 

‘of production of the emanation by radium ia ab 
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with a distance of 1 millimetre, 


178. 1f « platinum wire be made 
ou of thoria, its activity can be x 

wine with certain acids*. For example, the ae 

‘altered by immersing the wire in hot or cold wa 
tut more than 80°), of it is removed by 
‘solutions of sulphuric or hydrochloric acid, 
destroyed by this treatment but is m 
solution be evaporated, the activity 


howe renults show that the excited ac 
_murfuee of bodics of radio-actine 














after removal rose to throe tit 
3 hours and then fell again at about the normal 
in 11 hours, 
With a longer time of exposure to the 


Inst fow hours does not compensate for the do : 
the active matter as a whole, and consequently the 


by Miss Brooks, ‘The curve ( in Fig, 65 showa 
time of the activity of a brass rod exposed for 
emanation vewel filled with dust-free air. 

after removal increased in the course of 87 hours to 


* Ratherford, Phys. Zeit, 8, No, 19, p. 954, 1902, PY 
i 
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fa isso ertonrs Vet foe Ul doa 
irregular. ‘This is shown in Fig. 66, 

‘Tt was found that tho intensity of the mdiation 
‘the a rays decreased rapidly for the first 10 minutes 
‘but about 15 minutes after removal reached 


. lowi 
Gntanay Gling to alt talue fa about $2 niintad 
* Rutherford and Mise Brooks, Pil. Mag. July, 19¢ 








Z waeue 


a= 





mt easier 


Salient 











common point. 
activity is small at first, but reaches & maxim 
Jater and finally decays exponentially to zero. 


falling to half value in 36 minutes, : 
Barer ot es carro, im 


heel 212, 


185, Physical and chemical 
deposit. On account of the slow decay of 
active deposit from the thorium emanation, 
chemical properties have been more closely 
corresponding deposit from mdium. Tt has 
tioned that the active deposit of thorium is solul 
‘The writer} found that the active matter was d 
wire by strong or dilute solutions of sulphuric, hy 
hydrofluoric acids, but was only slightly soluble in 
acid, ‘The active matter was left behind when 
Evaporated. The rate of decay of activity was. 
the active matter in sulphuric acid, and a 
ere cus. Tn the experiment, the active 
off un active platinum wire; then equal 
‘solutions wero taken at, definite intervals, evny 
* Glow, Her, dD, Chem, Ges, Ro, B, p» 175, 1905, 
+ Mise Brooks, Phil, Mag, Sept. 1004, 
-y Rutherford, Phys. eit. 8, No. 12, p. 254, 1902, 





the anode. For example, if an aetive hyd 

wlectrolysed with a silver anode, the chloride of ail 
strongly active and its activity decayed as a norm: 
‘amount of activity obtained by placing diffe 
solutions for equal times varied greatly with the 
tet teseablt Saget 2 
‘tine plate, which show equal potential 






the other. ‘The uctivity was almost removed 
in a few minutes by dipping a zinc plate into it 
became active when dipped into an netive sol 
did not, Platinum, palladium, and silver 
while copper, tin, lead, nickel, iron, zine, cad 
and aluminium became active. These resulta stro 
view that excited activity in due to 4 deposit of 
| which has distinctive chemical behaviour. 
f . B. Pegram® has made a detailed study of the 


ate of the excited activity due to thorium. ‘From 
* Regram, Phys. Review, p 424, Doo. 1008, — 









































tf setinfum is due to “ions activanta”” the mot 
altered by a magnetic fold. Other ¢: . 
tTagnetic field acted on the “ions aetivants’ 


emanation, 
The results of Debierne thus lead to the 
‘earriors of excited activity are derived from the: 
projected with considerable velocity. ‘This 

view, advanced in section 190, that the ox] 

from the emanation must set the part of the eystem 


the excited activity by actinium and the. ot 
likely to throw further light on the processes: 
to the deposit of active matter on the electrodes, 


* Debleene, C. HK. 186, yp. 446 and 671, 1908 ¢ 188, p. 








Reiaissiirad the activity of the THX. 
manner by the a mys. Now this is 


ee ee Th Xe se ave 
of ThX at any time ix 


“i, to the mate of production of the 





























Fig, 72 for a short exposure brings out 1 
ithe relstiva. amoung oh Os 
R decreases: 








froma primary source. Required tw find 
eo oe stro tet " 


by equine (7), (8) and (0) sepals ‘x 
source, which has been removed, still continues 
the same constant rate and lot Py, Qe A be 


Particles cf A, B, C again present with the 
subsequent time. Now we have seen, that the 


parent substance or removed from it. Since the valu 
represent a stendy state where the mite of supply 


to Py, Qp Bey evry Unt is 
P,+P=P,, 
Q+Q=2, 
Ry+R=R, 








‘tho case of radium, for example, 
Seats 8 no vaya at all, while radiura'@ 
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evel asi ttis, pon. tha othies’ Tia ic 
current, due to two different products inn 
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value. The activity due to C is proportional to »,R, and in o: 
to represent the activity due to C to the same scale as A, i 
necessary to reduce the scale of the ordinates of curve CC 
Fig. 72 in the ratio » 

The. activity due to C is thus represented by the curve (( 
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Time in Minutes 
1S 3045 60-75 ~«00~«108 120188 


Fig. 74, 





Fig. 74. The total activity is thus represented by a curve 4+ 
whose ordinates are the sum of the ordinates of A and C. 

This theoretical activity curve is seen to be very similar 
its general features to the experimental curve shown in Fig! 
where the activity from a very short exposure is measured by! 
@ rays. 

Case 2, The activity curve for a long exposure to the ema 
tion will now be considered. The activity after removal of A i 
Cis proportional to P+ ,R, where the values of P and R 
graphically shown in Fig. 75 by the curves AA, CC. Initially a 
removal, 4,P,=A;R,, since A and C are in radio-active e 
librium, and the same number of particles of each product bi 
up per second. The activity due to A alone is shown in ct 
AA, Fig. 75. The activity decreases exponentially, falling to 
value in 3 minutes, The activity due to C at any time is 
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substance which emits rays ; for the variation of the activity of the 
latter may be such as to determine not only the period but also 
the physical and chemical properties of the parent product. In 
the two following chapters the application of the theory of 
successive changes will be shown to account satisfactorily for the 
complicated processes occurring in the radio-elements, 


Tt has been shown in sections 13 
active constituent Ur X can be separated | 


gradually it 
‘of the recovery of the lost activity of the m 
by the equations 


fem, and aime, 


























Hitdewe ae 
ie ere ag i 





‘ 


354 TRANSFORMATION PRODUCTS OF URANIUM, [cu 


‘The rates of decay of the active products depended upon conditioas | 
but he found that, in several cases, rapidly decaying producta were 
obtained whose activity fell to half value in about 1 hour. Allow. 
ing for the probability that the product examined was not com 
pletely isolated by the electrolysis, but contained also a trace 
the other product, this result would indicate that the last change 
which gives rise to rays is the more rapid of the two. 

This point is very clearly brought out by some recent expat 
ments of Miss Slater*, who has made a detailed examination of the 
effect of temperature on the active deposit of thorium. 

‘A platinum wire was made active by exposure for a log 
interval to the thorium emanation, and then heated for a few 
minutes to any desired temperature by means of the electre 
current. The wire, while being heated, was surrounded by a lead 
cylinder in order that any matter driven off from it should be 
collected on its surface. The decay of activity both of the wire 
and of the lead cylinder was then tested separately. After heating 
to a dull red heat, no sensible diminution of the activity w# 
observed at first, but the rate of decay of the activity on the wit 
was found to be more rapid than the normal. The activity of the 
lead cylinder was small at first but increased to a maximum aft 
about 4 hours and then decayed at the normal rate with the time 

‘These results are to be expected if some thorium A is vlati 
lized from the wire ; for the rise of activity on the lead cylinderis 
very similar to that observed on a wire exposed for a short time it 
the presence of the thorium emanation, ie., under the condition 
that only thorium A is initially present. 

On heating the wire above 700°C. the activity was found to be 
reduced, showing that some thorium B had also been removed. Bf 
heating for a few minutes at about 1000° C. nearly all the thoriua 
A was driven off. The a on the wire then decayed er 
ponentially with the time, falling to half value in about 1 how. 
After heating for a minute at about 1200°C. all the activity wa 
removed. These results show that thorium A is more volatile 
than B, and that the product which gives out rays, viz. thorium R 
has a period of about 55 minutes. 

Another series of experiments was made, in which an sctite 

* Miss Slater, Phil, Sag. 1905. 
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Now the matter Th X is 
careers The ThX 


from the emanation, which in turn arises — 
removal of the parent matter Th X, the nm 
active deposit will decay, since the rate of p 
matter no longer balances its own rate of change. 
the initial irregularity in the decay curve of the 
‘its activity will have decayed to half value in abou 


feed and Soldy® ns follows: If the precipitated tho 
4 y= pichalmaa Daa Chem. Soo, 81, pe BT, 
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observed in the active deposit of thorium. 
Mise Brooks, Phil. Mag. Bopt. 1901 








 Debierne, CR. 138, po 41, 1906. 
+ Mian Bovoibs, Phil, Mop. 
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removal of Th X. always shows a residual activity of about 25 per 
cent. of the maximom value. This very small residual activity 
indicates that actinium. if completely freed from all its product, 
would not give out rays at all. in other words the first change in 
actinium is a rayies one. 

The radio-active products of actinium are shown graphically in 
Fig. 84 Some of their chemical and physical properties ar 
tabulated below. 








Actinium : No rays Imwluble in ammonia 
Actinium X 102 days 6 (Bandy Soluble in ammonia 
39 seca. <rays _Behaves as a gas 
Actinium A 357 mina © Norays Soluble in ammonia and 
Actinium Bo 215mima sg, Sandy acids Volati- 

















of m is equal to, 7 


The curve of recovery of activity is t 
form as the curve when no emanation 
A is replaced by A+ a. 








sirplied by tempornily dieeyarding st 
for example, the products A, B, C are transfa 
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For increase of the time of exposure from 1 minute to 24 hour 
the curves obtained are intermediate in shape between the tw 
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Decay of Excited Activity 
g of Radium, | 
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x 
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iu | 
o v a 80 10920 
Time in Minutes, 
Fig. 88. 


representative limiting curves, Figs. 87 and 88. Some of the 
curves have already been shown in Fig. 68. 


220. Explanation of the curves. It has been poislt 
out that the rapid initial drop for curves A and B, Fig. 86, is dv 
to a change giving rise to @ rays, in which half of the matt 
is transformed in about 3 minutes. The absence of the dr 
in the corresponding curves, when measured by the @ rays, shit 
that the first 3-minute change does not give rise to 8 rays; for 
it gave rise to 8 rays, the activity should fall off at the same m 
as the corresponding a-ray curve. 

It has been shown that the activity several hours after remot 
decays in all cases according to an exponential law with the tiv 
falling to half value in about 28 minutes. This is the 
whether for a short or long exposure, or whether the activ 
is measured by the a, 8, or y rays. This indicates that the fi 
28-minute change gives rise to all three types of rays. 
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where J, is the maximum activity observed, which is reached after 
an interval 7. Since the activity finally decays according to 
exponential law (half value in 28 minutes), one of the values of 4 
is equal to 413 x 10“. As in the case of thorium and actinium, 
the experimental curves do not allow us to settle whether this 
value of % is to be given to A, or A» From other data (se 
section 226) it will be shown later that it must refer to 24. Thus 
a= 418 x 10~ (see), 

_ The experimental curve agrees very closely with theory if 
a= 5°88 x 10-+ (sec), 

The agreement between theory and experiment is shown by 
the table given below. The maximum value J; (which is taken # 
100) is reached at a time 7’ = 36 minutes. 

In order to obtain the f-ray curve, the following procedure 
was adopted. A layer of thin aluminium was placed inside» 
glass tube, which was then exhausted. A large quantity of 
radium emanation was then suddenly introduced by opening # 
stopeock communicating with the emanation vessel, which was st 
atmospheric pressure. The emanation was left in the tube fr 
15 minutes and then was rapidly swept out by a current of 
air, The aluminium was then removed and was placed under 
an electroscope, such as is shown in Fig. 12. The a rays from the 
aluminium were cut off by an interposed screen of aluminium 
‘1 mm. thick. The time was reckoned from a period of # 
seconds after the introduction of the emanation. 


Observed value of 








fa ak ‘Theoretical value 
| ‘Time in minutes “of activity activity 
I 
° 0 
10 581 
20 886 
30 73 | 
36 ; 100 H 
40 998 
50 884 
60 834 
80 637 
100 448 
120 08 | 
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long exposure, measured by the rays. The equation expressing 
the decay of activity, measured by the a rays, differs considersbly 
from this, especially in the early part of the curve, Several hous 
after removal the activity decays according to an exponential lv 
with the time, decreasing to half value in 28 minutes. This fixes 
the value of A; The constant a and the value of A, are deduced 
from the experimental curve by trial. Now we have alrsdr 
shown (section 207) that in the case of the active deposit from 
thorium, where there are two changes of constants A, and 
in which only the second change gives rise to a radiation, th 
intensity of the radiation is given by 





for a long time of exposure (see equation 8, section 198). Thisis 
an equation of the same form as that found experimentally by 
Curie and Danne. On substituting the values 4, 5 found by 
them, 

» 





= 33. 





‘Thus the theoretical equation agrees in form with that deduced 
from observation, and the values of the numerical constants a 
also closely concordant. If the first as well as the second chang? 
gave rise to a radiation, the equation would be of the same gener! 
form, but the value of the numerical constants would be different. 
the values depending upon the ratio of the ionization in the fit 
and second changes. If, for example, it is supposed that bith 
changes give out @ rays in equal amounts, it can readily b 
calculated that the equation of decay would be 

‘Taking the values of 4, and 2, found by Curie, the numeric 
factor e~ becomes 2:15 instead of 43 and 1°15 instead of 33 
The theoretical curve of decay in this case would be readily 
distinguishable from the observed curve of decay. The fact that 
the equation of decay found by Curie and Danne involves the 
necessity of an initial rayless change can be shown as follows:— 

















does not emit rays, 
r does not emita myx In 
Fig. 80, the curve LL may be an 

by the two curves CC and Bi 


(Q) The matter A, derived from the 
is half transformed in $ minutes and is a 


by @, 8, and y raya; 
(4) A fourth very slow change will be di 


_ 224. Equations representing the activity. 
-équations representing the variation of activity wi 








wire above a red heat and deposited on 
cylinder surrounding the wire. Curie and Dant 
results by subjecting an active platinum wire 
to the action of temperatures varying between 15 
and then examining at room temperatures the « 
only for the active matter remaining on the 
the volatilimd part. They found that tho activity. 
part always increased after removal, passed th 
and finally decayed according to an exponential law to 
28 minutes, At « temperature of about 630° 
Jef behind on the wire decayed at once according ta 

* P. Curie and Danne, Comptes Rendus, 188, p. 

+ Mins Gates, Phys. Kec. p- 800, 1903, 












































‘close examination of the active deposit of slow 
(1) tho presence of a 8 ray product 
activity in about six days; 

(2) the presence of product, 

arog iene tere 








‘was placed in an electric furnace 
about 1000° CO. Most of the 
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aor 8 radiation. The @ ray ntiviey will 
half its maximum value in 6 days. 7 








decay to half value in 143 days, and I think then 
‘that more accurate measurement will prove this to b 








me by Mr Boltwood of New Haven. TI 
and 8 rays, the latter being in unusually | 
awtive lead was four months old when / 
but the 2 my activity has steadily increased. 
be expected if the radio-load contains a 





Hikely, however, that the bismuth, which in i 
lution at the time of separation of the lead 
‘radium E and F, and that the presence of those produc 
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‘areal attmelieralanat sete 
matter gy. peosipitaltina foun an ootiro-eciteaae 
tho precipitation. The correctness of this 
tested by observing whether the time that th 
is present in solution has any offect on 

to it. 

When it is remembered that in pite d 
the radio-elements uranium, thorium, radiuu 
‘their numerous fnmily of products, it is not 
of the inactive substances separated from it: 
siderable activity due to the Beek rn 





‘the separtion of the active substance is 
stage of purification is not far advanced, | 
‘anionic can be separated only slightly acti 


ike load and iron always show activity. 


‘due to the prodact rainm F 





was found to be 1:0 


an ion 
be shown i 
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HE aiid 


effect of X mys, and of the total number 
Sense mere: comer eialy. rare 


Hua 








mate of emission of heat from radium 
‘at very low temperatures, This method | 


‘tube 
at its boiling point, The arrange- 
ment of the calorimeter is shown in 





* Hongo and Procht, Sits. 4%, Wim Merlin, So. 
+ + bade Whyrique, 1908, 
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of about 500 cc. were filled with dry air at atmospheric pressur. 
These flasks were connected through a glass U-tube filled with 
xylene, which served as a manometer to determine any variation 




















Fig. 98. 


of pressure of the air in the flasks. A small glass tube, closed 
at the lower end, was introduced into the middle of each of the 
flasks. When a continuous source of heat was introduced into the 
glass tube, the air surrounding it was heated and the’ pressure was 
increased. The difference of pressure, when a steady state wat 
reached, was observed on the manometer by means of a microscupe 
with a micrometer scale in the eye-piece. On placing the source 
of heat in the similar tube in the other flask, the difference in 
pressure was reversed. In order to keep the apparatus at a 
constant temperature, the two flasks were immersed in a water 
bath, which was kept well stirred. 

Observations were first made on the heat emission from 30 
milligrams of radium bromide. The difference in pressure observed 
on the manometer was standardized by placing a small coil of wir 
of known resistance in the place of the radium. The strength of 
the current through the wire was adjusted to give the same differ 
ence of pressure on the manometer. In this way it was found that 
the heat emission per gram of radium bromide corresponded 1 
65 gram-calories per hour. Taking the atomic weight of radium 
as 225, this is equivalent to a rate of emission of heat from ont 
gram of metallic radium of 110 gram-calories per hour. 

The emanation from the 30 milligrams of radium bromide was 
then removed by heating the radium (section 215). By passing 

{ 
\ 





value in four days. ee athe 


a ae 
constant of change of the emanation, 
‘The curve of recovery of the 
its minimum value is identical with the "1 
activity measured by the a mys, Since the 
effect is 25 per cent. of the total, the heat em 
after reaching a minimum is given by 
a 

Qe HTM), 
where Qmax, is the maximum rate of heat emission ai 
is the constant of change of the emanation. 


‘sponding curves for the rise and fall of mdio 
the heat emission of miium and its products ia din 
with their radio-activity. ‘The variation in the 
both radinm and its emanation ix ap 



































time would differ conaiderebly fram ith 

‘The conclusion that the transformation 
accompanied by the release of as much heat 
is to be expected if the heating effect is m 
‘of motion of the expelled a particles. 

The relative heating effect due to the 
shown in the following table. The initial 
deduced by comparison with the corresponding 


Since radium A and C supply almost an eq 
activity, it i probuble that they have equal i 
Tf this is the case, the heating effect of th 
18 per cent. of the total. 











im the form of heat. The mdium would thu 
bombardment above the temperature of 
energy of the expelled a particles ie 
‘the whole emission of heat by mdium, 


parts of the disintegrated atom rearrange 
permanently or temporarily stable eystem, 
ales some onorgy is probably emitted, which! fem 
form of heat in the radium itself, 

‘The view that the heat emission of radium 
to the kinetic energy possessed by the expelled 
Hevcglydettrined by calcalations of the maga é 
‘effect to be expected on such an hypothesis, 








4 large quantity of uranium or thorium is employ 
to deterinine the heating effect of thorium have 
Pegram®*. ‘Three kilograms of thorium o 

bulb, were kept in an ice-bath, and the 

‘between the thorium and ice-buth d 
constantine thermo-clectric couples, Tho n 
temperature observed was 004°C, and, fron 











sphere of influence than the electron and to 
molecules, 

In addition, the @ particle produces many t 
path than an clectron moving with the 
een shown (section 103) that the e! 
efficient ionizer after a certain velocity is 
(loo. cit.) has pointed out, this is to be 
particle consists of lane number of elec 


would be a far more efficient ionizer than an 
calculation of the enorgy required to produ 
particle is given in Appendix A. 




















B particles, deduced in this way, will be 








reuctions, 

In the original papers} giving an account of th 
‘emanation of thorium and tho excited radio-a 
it, the view was taken that both of these mut 
_ due to radiovactive material, ‘The emanation 
while the matter which caused excited acti 
solids and could be dissolved in some acids 
Rutherford and Miss Brooks showed that the 

* Beequorsl, OC. 2. 138, p. 97% 1901. 
+ Rutherford aud McClung, Paid, Trans As pr 2B, 200%, 
F Rutherford, Hat, Mag, Jam. and Feb, 1900, 











nudium atom or from energy absorbed by th 
‘external source, a 

eThomoon., javan article cal/*Badbagil 
Nature , put forward the view that the emissi 
radium is probably due to some change wil 


* Rutherford and Body, Pd. May. April, 1008, 
+ Rutherford and Boddy, Phit. fag. May, 19038. 
= Ratherford, Phys. Feit, 4, p. 28, 1902, Wait, 
§ Botherford, PAL Moy, May, 1908, 
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ieriiavlour oP rations; or igi 
in a cavity in a block of fen; the ice s 


cannot flow into the cavity from the outsids 
round the cavity is hotter than the ice surro 


was bored in ono end of the cylinder to the cen 
enclosed in a small glass tube, was placed 
opening was then hermetically closed, ‘The 
by the rate of discharge of an electroscope | 
mitted through the lead, but no appreciable ol 
during a period of ono month, 

Mand Mme Curie early made the suggestion 
aires frac tha redis-aclive, bostoe iif 
supposing thad space is traversed by a type 











other results show that the change i: 


256, Theory of radio-active 
ring in the ridio-clements are of a ct 
Previously observed in chemistry. 
that the radio-activity ix due to the | 
production of new types of active n 
this production aro difforent from the | 
reactions, It has not been found po 
wither the mte at which the matter 
change when produced. Temperature, 
factor in altering the rate of chemical 
almost entirely without influence, In~ 
chemical change is known which i# aecompan 
of charged atoms with groat velocity. 
by Armstrong and Lowry* that 

form of fluorescence or 

slow rate of decay. But no form of p 


production of a sories of active products, 
© Armstrong wad Lowry, Pree. Roy. Soe. 1908, 
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N= Ny, where N, is the original 
‘or the fretion of the motabolons 


























molecule into simpler molecules or into its 
Te must be supposed that a ch 














of emanation produced per second f 


e896 x 1071 = 19 x 10-* gram 

















present reaches a maximum value af 

‘The emanation is then introduced into a closed 
a gold-laf vlectroscope similar to that 
-mte of movermunt of the gold-leaf is pr 














‘emanation, berated fom n known weight 
ieee set Sait send quand of oar c 


probably pure, 

dilutions, a standard solution was made up 

of radium bromide por cc. Taking 

bromide as RaBr,, it was deduced that the weigh 
of umnium in any mineral was 80 

amount of radium in a mineral per ton of un 


SSitcan. (loo, eit.) obtained a value 1 
‘but he had no means of ascertaining the 
This amount of radiun per gram of 
onler of magnitude to be expected on the disin 
uranium is the parent of radium. The ac: 
compared with uranium, i not known with 
* Urol, Prie, Roy. Sos, Muroh 











chemical process used to free it from radium, 
of mdium would be very small nt first, but 
Increase with time as more of the int 
stored up in the uranium. ‘The fact that the 
and mudium in radio-aetive minerals ar alway 
each other, coupled with definite ex 
mdinm is produ 
proof that uranium is in some way the p 
‘The general evidence which has been 
ridium must be continuously produced from 
applies also to actinium, which has an uetivity 0 
fas that of mdium. ‘Tho presence 
radium in pitchblende wonld indicate that this 
in some way derived from uranium. It is 
may prove to be 











atoms of matter which they traverse, If 
-radio-activity of a given quantity of radium shot 
‘of ita concentration, and should be greater in th 
when disseminated through a large mass of mi 
‘The writer has made an experiment to exami 
‘Two glass tubes were taken, in one of which 
milligrams of pure radium bromide in a | 
equilibrium, and in the other a solution of 
two tubes were connected near the top by a short 
the open ends sealed off, The activity of the 
state was tested iinmediately after its intro 
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‘been found possible to alter the rate of prodnetit 
from the radio-elements, Tn addition, there is 


tion 187) that the radio-activity is nov d 
in unaltered amount on the colder bodies 
oxide has been shown to lose to a large extent it 
ing by ignition toa white heat, But & cloww 




















method was used, and the roth 

tube suspended by a silk fibre. Within the lin 
error the ratio of weight to mass was found to bs 
[eee so that we may conclude 


aha een 


266. Total emission of energy from the | 
Tt bus been shown that 1 gram of radium emi 








atiicd ;eible to control at wilkilis 
the mdio-clements, an enormous amount 0 
tained from a small quantity of matter, — 


feiecray-cf eoclogio saw collesicelaaat 
always be found associated with the mdi 


Tonger be traced by the property of 
Pitehblende, in which the 
contains in «mall quantity a lange 








and in the second place, the helium spectrum: 
at first, when the quantity of emanation 
ite maximum, Moreover, the diffusion 

















nature of the @ radiation from 
termination of the value ¢e/m for the @ p 
difficultios, 


mente of the volume of gus in a tube filled ri 
ridin emanation, Since the emanation it 


nepidly changing products which result oe ‘it, omit 


Ramsay and Soddy (section 172) have made. 
kind, but the results obtained were very co 
‘upon the kind of glass employed. In one 





















































which producea the instability and 
‘The instability of the atoms may be 
fiir by this actioniot exterual Inisesor gl 


© Daeay nad Travers, Klick. Pigott Oh 
+ Ramsay, Narre, Apel 7, 1908, 








‘of light is loss than ono-millionth part of 
single particle describing the same orbit wi 
When the volocity is phy of that of light | 


* Larmor, dether ond Matter, p, 238, 
+ 54, Thomson, Phil, Mag. ys O81, 1 
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Number of electrons 











‘Number in successive rings 








In the next table is given the possible series of arrangements 
of electrons which can have an outer ring of 20:— 


| Number of eleetrome voces ! 89) 60) 61 | 62 














64) 65) 6 | 

—|~— al a | — 

Number in successive rings... | 20 | 90 | 30 | 30 20 30 | 20 | s0| 
ie | 16 | 16 | 47 | 97 | 17) 7 | 17 | 17) 

| 13 }13 | 13} 13} 13] 13 | 14 | 14/15: 
8| 8 9| 9/10) 10 10 Wj 

{3| 3 3| 3] 8] «| 4 3) 5] 





The smallest number of electrons which can have an outer 
ring of 20 is 59, while 67 is the greatest. 

The various arrangements of electrons can be classified into 
families, in which the groupings of the electrons have certain 
features in common. Thus the group of 60 electrons consists of 
the same arrangement of electrons as the group of 40 with the 
addition of an outer ring of 20 electrons; the group of 40 is the 
same as the group of 24 with an additional ring outside ; and the 
group of 24 in turn is the same as the group of 11 with an ext 
ring. A series of model atoms may be formed in this way. im 
which each atom is derived from the preceding member by at 
additional ring of electrons. Such atoms would be expected 
possess many properties in common, and would correspond to the 
elements in the same vertical column of the periodic table of 
Mendeléef. 

Different arrangements of electrons vary widely in stability 
Some may acquire an extra electron or two and yet remain stable 
others readily lose an electron without disturbing their stability. 
The former would correspond to an electro-negative atom, tht 
latter to an electro-positive. 

Certain arrangements of electrons are stable if the electrow 
move with an angular velocity greater than a certain value, bit 





‘mereury. 
Tn tho Appendix E of Thomson : 








impurity, 1 
that a platinum plate was about’ 
umnium nitrate, or about 2x 10 as ae 
responds to a far greater activity than 
for the loss of heat of the earth. A 
however, can be made from date of the 
matter dag out of the earth. Elutor 


* Srrutt, Phil, May, Juno, 


+ Elster and Geitel, Py Felt 4,No. 10, p. 628, 
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complex types of matter appear. Sir Norman Lockyer has based 
his theory of evolution of matter on evidence of a spectroscopic 
examination of the stars, and considers that temperature is the 
main factor in breaking up matter into its simpler forms. The 
transformation of matter occurring in the radio-elements is on the 
other hand spontaneous, and independent of temperature over the 
range examined. 





‘Lead, iron and copper wires gave about 

‘The amount of activity obtained was gr 
posing a negatively charged wire in a mass 
undisturbed for « long time. Experiments 
eave of Wolfenbuttel, and a very lange 
observed. By tmnsferring the activi 
was found that the rays could appreciably 
Barinm platinocyanide in the dark*. The 
Photographic plate through a piece of alt 
‘thickness, 


* Risto and Geitel, Phys. Zeit. p76, 190 
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value in a little loss than four days, 
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charged positively for the sme time | 
decayed with the time, falling to half va 
‘The amount of activity produced on 
tions was independent of the material o 
the rod were readily absorbed in a fow 
‘These effects were, at first, thought to 
* Boort, Sits Aiud, 4. Tine, 
$4.4. Thomson, Phil, Mag, Sep, 
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sufficient to give a convenient rate of 

Such a method is preferable to using a know 
radium compound as « standard, since it is | 
cortainty the activity of the preparations 

4in the possession of the different expe 


‘Radio-notivity of | : 

so rl lev thong ony 
ly igh under 

temdutivity varied grt in dient plan 
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* Winter and Gelial, Phys Zett. 8, Nox yD. 12, 3008, 
4 Vincenti and Levi Da Yarn, Asti d, 2, Iratit, ¥ 








red lands, 
it in the air was not 





‘The amount of excited activity to be d 
the Baltic Const wax only one-third of th 














Seperation nea ne 
Well as the radium emanation is also present in 
New Haven, while Dadourian has shown 
New Haven soil, Blanc, and Elster and 
that thorium is present in the sediment ft 


Tf the active matter in the atmosphere 
mdium emanation, the active deposit. on an 
‘exposed in the open air, should initially © 
and C, The curve of decay should be iden 
curve of the excited activity of radium, a 

hat is, there should be a rapid initial deop 
initial 3 minute change, then a slow rate of 
after sevoral hours decaying to half value im 
(00 section 222). The rapid initial drop has be 
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‘This result requires confirmation by es 
of the earth, but the results point to the ¢ 
part, if not all, of the ionization at the earth's 
Fadio-active matter distributed in the 
nite of production of 80 ions per second per 
been abaerved in the open air at the surface o 
localities, would be produced by the presence in 
Boece neces, oF erenetion) Hberssel ton 4 
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+ Macho and Von Schweidler, Piya, Zeite 6, 
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measured, The results are shown graphically in Fig. 107, where 
ordinates represent the distance of the phosphorescent screen 
the active wire, and the abscissae the number of layers of alumini 
foil, each -00031ems. thick. 
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— Range of Phosptorescent Effect 








ce) @ 16 12 
Layers of Aluminium Foil- 
Fig. 107. 


It is seen that the curve joining the points is a straight ln 
12-5 thicknesses of foil absorbed the rays to the same extent as 68 cat 
of air, so that each thickness of aluminium corresponded in absorbing 
power to “S4cms, of air. For a screen of zine sulphide, the phosph> 
rescent action ceased at a distance of air of 68 ems., showing that the 
photographic and phosphorescent ranges of the a rays in air vot 
practically identical, 

The experiments with barium platino-cyanide and willemite wet 
more difficult, as the B and y rays from the active wire produced 
a luminosity comparable with that produced by the a rays. Faifly 
concordant results, however, were obtained by introducing » tha 
sheet of black paper between the active wire and the screen. If t 
luminosity was sensibly changed, it was concluded that the em” 
still produced an effect, and in this way the point of cessation d 
phosphorescent action could be approximately determined. For exampla 
with eight thicknesses of foil over the active wire the additiosdl 
thickness of air required to cut off the phosphorescent effect of the 
a rays was 25 cms, for willemite, and 2:1 cms, for barium platise 
cyanide. 
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{for w thin film of matter of ono kind, ‘The 
per unit path increases slowly for about 4 








Cry Tt 


ann a it te 


Crea 





“ . 
‘The a particle, on an average, produces wb 
ps before it ix ubworbed, 90 that the , 
bout 100,000 times as great ax that due to the 

a particles alone. : 

Tr is not unlikely that the numerous rayless 
been observed may undergo disintegration of 
‘the products which obviously emit a rays. Tn 
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«particle may be expelled with velocity less than 1:5 x 10° oms, per 
‘econd and so fail to produce much electrical effect. 

‘These considerations have an important bearing on the question 
whether matter in general is radioactive. The property of emitting 
« particles above the critical velocity may well be a property only of a 
special class of substances, and need not be exhibited by matter in 
eneral. At the same time the resulte suggest that ordinary matter 
nay be undergoing transformation accompanied by the expulsion of 
+ particles at a rate much greater than that shown by uranium, 
vithout producing appreciable electrical or photographie action. 


“tho present time, but they are for the m 
and some of thom have been observed to 00 
‘The chief commercial sources of uranium an 
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